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Editorial 
Atherosclerosis and the Nature of the Arterial Wall 


THEROSCLEROSIS and its consequences 
re of such frequent occurrence and of 
such devastating implications that it would 
be an understatement to say that these con- 
stitute our leading health problem. Without 
review of the statistics with which we are all 
familiar, the bald fact is that the adult has, 
in a manner of speech, a choice of meeting 
his end either by way of cancer or of some 
complication of atherosclerosis. If about two 
out of 10 experience cancer, six or seven out 
of 10 will suffer the sequelae of atheroscle- 
rosis. 

How does one approach study of a disease 
such as atherosclerosis? Perhaps because we 
are heady with the wine of success in dealing 
with infectious diseases and vitamin deficien- 
cies, which stem from single causative agents, 
most of us have focused on the likelihood that 
atherosclerosis is due to a disturbance in cho- 
lesterol metabolism or a dietary impropriety. 
None of the discussion I am about to offer is 
intended to negate the involvement of these 
factors in spontaneous atherosclerosis, for it 
is quite clear that cholesterol does accumulate 
in the intima of arteries, that hypercholester- 
emia frequently is positively correlated with 
severity of atherosclerosis, and similarly that 
diet conditions, at least in some situations, 
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the severity of atherosclerosis. Certainly, 
cholesterol in some form is a factor in athero- 
sclerosis. But it may be well to be reminded 
that so is the arterial wall. 

My contention has been and continues to 
be that the receptivity of the arterial wall to 
cholesterol is a major factor in the genesis 
of atherosclerosis! In this connection one 
quite properly may ask: Why is it that the 
pulmonary artery is virtually immune to 
atherosclerosis? Why is syphilitic aortitis, a 
disease characterized by scarification of the 
arterial wall, accompanied by remarkably 
severe atherosclerosis? Why are the lesions of 
atherosclerosis typically of a focal nature? 
None of these questions has clear answers 
now but we do know that the pulmonary 
artery does not undergo a breakdown and ¢al- 
cification of the elastic tissue in its wall that 
most other arteries do,?2 we do know that 
syphilitic aortitis is accompanied by break- 
down of the elastic lamellae of the media and 
replacement of them by white fibrous connec- 
tive tissue, and we do know that the sites of 
predeliction for atheromata are also the sites 
at which stress occurs (such as arterial bifur- 
eations) and that at these sites the breakdown 
of the elastic tissue is more severe than else- 
where.*: # 

My laboratory has over the years accumu- 
lated considerable data, as have others before 
us, indicating that, beginning with the end 
of the second decade of life and becoming 
progressively more severe with the passage of 
time, there is a typical pattern of alteration 
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in the elastic elements of the wall of human 
arteries.° In both muscular and elastic arter- 
ies the plates of elastic tissue, barriers to free 
movement of materials between the intima 
and media except for the widely spaced fenes- 
trations, begin to fray, fragment, and calcify. 
This process continues throughout adulthood 
until there is little or no trace left of the orig- 
inal elastic lamellae. All that remains are 
masses of calcified fragments or granules of 
elastic tissue.** 

This process of elastic tissue deterioration 
does not occur in the pulmonary artery just 
as atheromata do not form in this vessel.” In 
pulmonary hypertension, however, one does 
find elastocalcinosis and one also finds athero- 
matosis. We have made the point, as yet not 
accepted, that the breakdown of the elastic 
lamellae precedes and is requisite to formation 
of atheromata. The implication is that recep- 
tivity of the intima of arteries to cholesterol 
accumulation is conditioned by the integrity 
of the elastic lamellae. 

Perhaps it will be worth while to take a 
broader view of the whole problem: Why do 
chronic diseases including atherosclerosis oc- 
cur at all? The essential features of Darwin- 
ian evolution include (1) development of 
individual variations, (2) struggle for exist- 
ence, and (3) survival of the fittest. Thus, a 
mutation or variation of an unfavorable type 
that expresses itself early in life will unsuc- 
cessfully compete for existence and fail to 
perpetuate itself. But what happens in a spe- 
cies that experiences senescence? There is a 
gradual decrease in reproduction vigor and 
finally a termination of breeding. The un- 
favorable mutation appearing prior to or 
early in reproductive life will tend to be elim- 
inated from the species by natural selection. 
But an unfavorable mutation expressing itself 
predominantly late in or after reproductive 
life cannot possibly be eliminated from the 
species. On the contrary, it is inevitable that 
the longer the species survives, the greater 
will be the number of unfavorable mutations 
that will accumulate in the species. If, indeed, 
there is a genetic basis to the chronic diseases 
in the human population as there appears to 






EDITORIAL 


be, this may be the biological basis for their 
existence. To put it another way, once senes- 
cence, or a marked decrease in reproductive 
vigor, appears in a species it is virtually in- 
evitable that genetically based chronic dis- 
eases will appear in that species. 

Atherosclerosis as a specific example of the 
chronic diseases may well fall in this category 
of unfavorable mutations immune to the purg- 
ing action of natural selection. Spontaneous 
atherosclerosis, despite popular impressions, 
is not a new disease. On the basis of study of 
Egyptian mummies dating as far back as 1500 
B.C., Ruffer* established that atherosclerosis 
as we know it today not only existed then but 
also occurred very frequently. This despite 
the fact that dietary and other exogenous fac- 
tors were very different 3,500 years ago from 
what they are today. 

Still further, atherosclerosis cannot be con- 
sidered to be restricted to the human popula- 
tion. Spontaneous atherosclerosis occurs very 
widely throughout the mammals, carnivorous 
and herbivorous, in and out of captivity. The 
studies of Fox*® have shown that one ean list 
most of the genera of the mammals as victims 
of spontaneous atherosclerosis. From a phylo- 
genie viewpoint, atherosclerosis is not only 
older than man® but is also older than the 
class Mammalia. The class, Aves, is replete 
with specific instances of occurrence of spon- 
taneous atherosclerosis. As Paterson has 
shown,!® spontaneous atherosclerosis in the 
chicken is indistinguishable from that which 
occurs in the human. Where did the mutation 
of susceptibility to atherosclerosis appear? 
The existing literature and current studies 
seem to indicate that the disease does not oc- 
cur in the fishes, and I have not been able to 
find any record of atherosclerosis in the Am- 
phibia. Gross and histologic analysis of a lim- 
ited number of reptiles indicate, as a first 
approximation, that at least in modern rep- 
tiles atherosclerosis does not occur. Yet birds 
and mammals, both of which suffer atheroscle- 
rosis, have a common ancestry in the Reptilia. 
It would seem that one might search in this 
common ancestry for the appearance of a 
change in the structure, chemistry, or physi- 
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ology of the circulating system that may be 
correlated with susceptibility to atherosclero- 
sis. It is interesting to note, for example, 
that reptiles possess two aortic arches while 
birds and mammals possess but one. It is also 
interesting to note that arterial pressures in 
Amphibia and reptiles are approximately one 
half that of birds and mammals. Nothing is 
known of the fate of arterial elastic lamellae 
with age in reptiles, a study that might be 
very informative. Whatever the type of study 
may be, it is entirely possible that analysis of 
arteries prior and subsequent to the phylo- 
genetic appearance of atherosclerosis may 
give us valuable clues applicable to under- 
standing of and ultimate control of human 
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The Early History of Instrumental Precision in Medicine 

Even those among you given to reading the authors of the end of the last and the 
first twenty years of the present century, may be surprised to learn that statements of 
the numbers of pulse and respiration are very rare in Rush, Cullen and their contem- 
poraries. Heberden and Falconer who, perhaps, set too much value on pulse counts, 
made no impression on their contemporaries. In Corvisart on the Heart we hear little 
or nothing in this direction, and in seven hundred pages of Laennec there is one pulse 
count and no numeration of the breathing. It seems incredible; but not until the later 
French school developed its force do we find in reports of cases the beginnings of those 
systemic numerations of the breath and pulse which are met with in modern eases... . 
It was not until a later day, and under the influence of the great Dublin school, that 
the familiar figure of the doctor, watch in hand, came to be commonplace.—S. WEIR 
MitrcHELL, M.D., Transactions of the Congress of American Physicians and Surgeons, 
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Hypertension Secondary to Renal Artery Occlusive Disease 


By DoroTHEEe Peruorr, M.D., Maurice Soxotow, M.D., Epwin J. Wyuie, M.D., 
DonaLp R. SmirH, M.D., anp ALPHONSE J. PaLuBinskas, M.D. 


HE PROLONGED disability and short- 
es life span of patients with hyperten- 
sion, as well as the expense and inconvenience 
of lifelong drug therapy, emphasize the 
urgent need for detecting curable forms of 
hypertension. 

The concept of an intimate causal relation- 
ship between hypertension and renal disease 
has developed slowly over the past 125 years. 
Bright, in 1836, noted the association of car- 
diac enlargement and chronic renal disease, 
while Mahomed postulated in 1881 that high 
arterial pressure was a cause of Bright’s dis- 
ease.” The first to report the onset of hyper- 
tension in a patient with unilateral pyelo- 
nephritis resulting from a ureteral stricture 
and the disappearance of the hypertension 
after nephrectomy was Crabtree (1927).3 
After Ask-Upmark’s detailed description of 
six cases of juvenile malignant hypertension 
in which congenital unilateral renal abnor- 
malities were found at autopsy (1929) ,* But- 
ler recorded in 1937 for the first time the 
successful treatment of hypertension by ne- 
phrectomy in a child with unilateral pyelo- 
nephritis.® A similar but unreported case was 
observed by Kerr in 1936.° In the same period 
of time Goldblatt and his co-workers (1934) 
investigated extensively the experimental pro- 
duction and mechanism of hypertension in 
animals in which the renal arteries had been 
ligated,?7 and several authors subsequently 
amplified the studies of the causal relationship 
between renal ischemia and hypertension.* 1? 
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The influence of these experimental studies 
on clinical thinking became evident in four 
papers that appeared in 1938 dealing with 
the association of hypertension and occlusive 
renal artery lesions'* '* and with the cure of 
the hypertensive disease due to unilateral 
renal artery occlusion by nephrectomy.’ 1¢ 
Numerous subsequent reports on the therapeu- 
tic effect of nephrectomy followed until 
Smith, in 1948 and again in 1956,17 15 and 
Perera and Haelig, in 1952,?® critically re- 
viewed the literature and concluded that only 
about one fifth of the patients who had had a 
nephrectomy were cured of their hyperten- 
sion. However, in arriving at this conclusion, 
no distinction was made between patients with 
parenchymal renal disease and those with oe- 
elusion of the renal artery, and no allowance 
was made for the clinical improvement in 
those patients who did not become entirely 
normotensive. 

The observation in animals by Wilson and 
Byrom,”° that the kidney distal to a stenotic 
renal artery was ‘‘protected’’ from the vas- 
eular lesions of malignant hypertension, was 
confirmed in man by Bauer and Forbes 
(1952)*! and Laforet (1953) .°? These authors 
stressed that the kidney on the side of the 
arterial occlusion was potentially the healthier 
one and, if possible, should be preserved. 

A successful endarterectomy of a partially 
occluded renal artery with restoration of the 
circulation in the ischemic kidney and cure 
of hypertension was reported for the first time 
by Freeman et al. in 1954.2 The importance 
of aortography for the detection of renal ar- 
tery lesions was emphasized in 1956 by Pou- 
tasse?* who, together with Dustan, reported 
in 1957 30 cases with renal artery disease 
found among 104 selected hypertensive pa- 
tients examined by aortography over a 2-year 
period.2> In a more recent paper, Poutasse 
described his experience with over 300 hyper- 
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RENAL ARTERY OCCLUSIVE DISEASE 


Table 1 





Indications Used for the Selection of Hypertensive Patients for Renal Arteriography” 





Clinical history 


Recent onset or documentation of hypertension (within 2 years) 
Recent increase in the severity of existing hypertension 

Onset of hypertension in patients under 20 or over 50 years of age 
Negative family history of hypertension 


Physical examination 


Recent flank pain or trauma to the flank 


Papilledema or hemorrhages and soft exudates in the fundi 


(malignant hypertension) 
Epigastric or flank bruit 


Radiologie and laboratory studies 


Evidence of vascular insufficiency of the extremities or aortic aneurysm 





Disparity in renal size or function on intravenous pyelogram, 
or abnormal renal calyceal pattern 
Unequal renal sodium and water excretion by differential retrograde study 





tensive patients, 26 per cent of whom were 
found to have occlusive renal artery lesions.?® 
The blood pressure fell in 80 per cent of 
those who survived after corrective surgery. 
DeCamp and Birchall,27 Feste et al.2* and 
Brown et al.*® have published similar experi- 
ences. 

In the past 8 years, the relationship of 
hypertension and renal artery obstruction has 
been the object of intensive clinical study at 
the University of California Medical Center. 
By the use of arteriography, altogether 70 
hypertensive patients have been found to have 
renal artery abnormalities; 66 of these were 
diagnosed in the past 3 years. This high num- 
ber suggests that renal artery obstruction is 
a relatively common finding and potential 
eause of secondary hypertension. The present 
study was undertaken to develop a reliable 
method to differentiate patients with renal 
artery abnormalities from the hypertensive 
population at large and to determine the value 
of renal vascular surgery for the treatment 
of this type of secondary hypertension. 


Materials and Methods 
A total of 110 patients with sustained hyper- 
tension (blood pressure above 150/90 mm. Hg) 
underwent renal arteriography between November 
1952 and November 1960. All patients were per- 
sonally seen and examined by the authers. In all 
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*The absence of any or all of these indications was not considered a contraindication to 
arteriography in patients with severe hypertension. 


but nine cases the radiographic studies were made 
in the past 3 years. The possibility of renal artery 
occlusion was considered in the evaluation of every 
hypertensive patient and arteriography was per- 
formed when one or more of the indications listed 
in table 1 were present. In a few cases the pres- 
ence of sustained severe hypertension was con- 
sidered an indication for arteriography. 


Indications for Arteriography 


The indications for arteriography proposed by 
Poutasse and Dustan?° have been listed in table 1 
with slight modifications. They require some ex- 
planation and amplification. 

Recent or sudden onset of hypertension is diffi- 
eult to establish unless recent normal blood pres- 
sure readings, immediately preceding the onset 
of the hypertension, are available. In many 
patients with apparently recent onset of hyper- 
tension, previous insurance, military, blood bank, 
industrial, or maternity examinations reveal bor- 
derline or slightly elevated readings suggesting 
that the hypertension is of longer duration. The 
presence of arteriovenous compression in the ocu- 
lar fundi may also suggest that the hypertension 
is not of recent origin. 

Equally difficult to verify is a recent increase 
in hypertension. A single or even several un- 
usually high readings may be mistaken for an 
inerease in the degree of existing hypertension, 
whereas they may only reflect the lability of the 
blood pressure due to emotional factors, confu- 
sion about medication, or unknown transient 
causes. A review of past blood pressures may 
reveal similar transient rises. A definite change 
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Figure 1 


The yearly distribution of renal arteriograms per- 
formed at the University of California Medical 
Center (November 1952 to November 1960) and 
the number of renal artery abnormalities found. 


in the range of the blood pressure in a given 
patient is, therefore, difficult to document unless 
weekly averages of several daily blood pressure 
readings are available. Since in most patients the 
blood pressures are recorded irregularly and under 
variable casual conditions, such serial readings 
usually are not available. 

Essential or primary hypertension often occurs 
in several generations or members of one family 
and usually manifests itself first between the 
ages of 20 and 50 years.°° An isolated case of 
hypertension in the absence of a familial history 
as well as hypertension appearing in a patient 
under 20 or over 50 is therefore more likely to 
represent a ease of secondary hypertension re- 
quiring search for a primary cause. However, an 
accurate family history is notoriously diffieult to 
obtain because of lack of accurate information. 
Persistent, careful, detailed questioning and ob- 
jective documentation of the blood pressure in 
relatives are often necessary before the absence 
of a family history of hypertension ean be taken 
for granted. 

A history of recent, unexplained, sudden flank 
pain or of trauma to the flank may be associated 
with a renal vascular accident, thrombosis, or 
hemorrhage, and should be elicited if present. 

Malignant hypertension was considered estab- 
lished, in this study, when papilledema was ob- 
served in a hypertensive patient, with or without 
renal impairment. In a few cases the sudden 
development of hemorrhages and soft exudates 
in the ocular fundi was considered sufficient evi- 
dence of impending malignant hypertension to 
warrant arteriography. 

Detection of an epigastric or flank bruit re- 
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Table 2 


Classification of Arteriographic Abnormalities in 
70 Patients* 


Significant abnormalities 
Unilateral renal artery occlusive disease 19 
Atherosclerotic (14) 
Fibromuscular hyperplasia (5) 


Bilateral renal artery occlusive disease 31 
Atherosclerotic (20) 
Fibromuscular hyperplasia (10) 
Embolie (1) 


Unilateral hypoplasia of the kidney and 
renal artery 4 
Minor abnormalities 16 





*110 patients were studied between 1952-1960; 39 
arteriograms did not show renal abnormalities and 
one study was unsatisfactory for definite diagnosis. 


quires careful attention. It may be heard only 
in a very localized area of the epigastrium or 
flank; it may be intermittent. The bruit may be 
so faint that it can be heard only in a quiet room 
or in the absence of loud bowel sounds, and may 
easily be missed in a noisy ward or office. It is 
usually louder when the patient has tachycardia, 
when the blood pressure is higher than usual, or 
when the cardiac output is elevated, as with effort 
or exercise. The bruit may be high-pitched and 
easily heard with the diaphragm attachment or 
so low-pitehed that it can be heard only with a 
bell attachment of the stethoscope. It is, of course, 
important to distinguish an abdominal bruit from 
a systolic murmur transmitted from the heart or 
a bruit transmitted from the femoral vessels. 

The presence of a renal artery obstruction was 
considered a likely possibility in hypertensive 
patients with clinical evidence of atherosclerosis 
obliterans or aneurysm of the aorta or iliac or 
femoral vessels. Atherosclerosis obliterans was con- 
sidered present when a history of peripheral vas- 
cular insufficiency was confirmed by the finding 
of diminished or absent pulses, with or without 
bruits, in the lower extremities, or the finding of 
localized enlargement of the abdominal aorta 
consistent with an aneurysm detected either by 
palpation or radiologically. Calcification of the 
pelvic vessels or arch of the aorta was not in 
itself considered an indication for aortography, 
nor was a history of cerebral or coronary artery 
disease. 

Disparity in the size of the two kidneys, espe- 
cially in the absence of the calyceal abnormalities 
of chronie pyelonephritis has been used as an 
indication of unilateral renal atrophy secondary 
to renal ischemia. Actual renal size may be diffi- 
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Figure 2 


Renal arteriogram of an 11-year-old girl; small 
right kidney and right renal artery with com- 
pensatory hypertrophy of the left kidney. Left 
renal artery obscured by overlying needle and 
calcified mesenteric lymph nodes. 


cult to evaluate because of rotation of one kid- 
ney; overlying bowel shadows, or lack of clear 
definition of the entire renal shadow. In deter- 
mining the size of the kidneys by intravenous 
pyelography, the longitudinal diameter of each 
was measured to the nearest 0.1 em. The width 
of the renal shadows was not measured unless 
a marked disparity was noted, in which ease the 
kidneys were compared by mass rather than by 
length. A difference of 1 cm. or more in length 
was considered significant, since normal variation 
in size has been reported as + 0.5 em. with the 
left kidney usually being the larger.*! Differential 
renal function as detérmined by pyelography, un- 
less grossly impaired on one side, was evaluated 
by the promptness of the appearance and the 
density of the radiopaque dye on the 1-, 3- and 
5-minute films after a standardized rapid injec- 
tion. A normal pyelogram was not considered a 
contraindication to arteriography. 


Technics 


Aortography was generally performed by the 
standard translumbar route under local or gen- 
eral anesthesia. In 10 patients, retrograde renal 
arteriograms were obtained by the Seldinger 
technic.32 Intravenous arteriography was not at- 
tempted because this technic often does not give 
sufficiently detailed visualization of the renal 
arteries, 

Differential renal function studies were per- 
formed in 61 patients by various modifications 
of the retrograde technic described by Howard 
et al. and Connor et al.*%. 34 Diuretic medication 
was discontinued before the test, and adequate 
sodium excretion was assured by allowing pa- 
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Table 3 
Comparison of the Clinical Characteristics of 
Patients with Localized Occlusive Renal Artery 
Disease of Different Etiologies 











Athero- Fibro- 
sclerotic muscular 
Number of patients 34 15 
Sex: Men 21 0 
Women 13 15 
Duration of hypertension: 
Less than 1 year 9 5 
1-5 years 7 3 
Greater than 5 years 17 7 
Age, mean (range) 53 (36-72) 38 (17-49) 
Under 45 7 (21%) 13 (87%) 
Over 45 27 (79%) 2 (13%) 
Negative family history of 
hypertension 11 5 
Hypertensive severity 
Mild 1l 1 
Severe 23 14 
Hemorrhages, soft exudates or 
papilledema in the fundi 14 ] 
Impaired total renal funetion 9 0 
Recent onset or increase in 
severity of hypertension 14 8 
Location of arterial stenosis 
Unilateral 15 5 
Bilateral 19 10 


tients a normal dietary sodium intake, occasionally 
with additional oral salt, the day before urologic 
study. Whenever possible, the test was performed 
with a retrograde catheter in place in each renal 
pelvis. However, when excessive leakage occurred 
around the ureteral catheters, a bulb ureteral cathe- 
ter was inserted in one side while the urine from 
the other kidney was collected directly from the 
bladder. Most patients were orally hydrated before 
the test but occasionally glucose and water was 
administered intravenously during the period of 
urine collection. Timed urine specimens were ana- 
lyzed for volume, and phenolsulfonphthalein, so- 
dium, and chloride excretion. In many instances 
potassium content and total osmolarity were also 
measured. A 50-per cent difference in water ex- 
cretion and a 20-per cent difference in sodium 
were considered significant, and the results from 
the test were referred to as positive. 


Results 
The number of renal arteriograms done in 
our hospital in the past 8 years (November 





Figure 3A 


Aortogram of a 46-year-old woman; complete 
obstruction of the abdominal aorta and stenosis 
of the proximal portion of the left renal artery, 
found at operation to be due to atherosclerosis. 


1952 to November 1960), as well as the num- 
ber of patients found to have abnormalities, 
are shown in figure 1. During the 8-year pe- 
riod, 122 arteriograms were performed on 110 
patients. The increasing awareness and sus- 
picion of renal artery abnormality in hyper- 
tensive patients is reflected in the yearly 
increase in the number of studies; more than 
60 per cent were done within the past year. 
Radiologic Findings 

Abnormalities of the renal artery were 
demonstrated in 70 of the 110 patients (table 
2). In 54 the abnormalities were judged to 
represent significant occlusive disease, on the 
basis of previous experience with visualization 
of major vessels such as the carotid, femoral, 
cr popliteal arteries confirmed at operation. 
The ocelusive renal artery disease in these 54 
was thought to represent sufficient obstruction 
to renal blood flow to be a potential cause of 
renal ischemia and subsequent hypertension. 
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Figure 3B 


Aortogram of a 63-year-old woman; demonstrat- 
ing bilateral proximal renal artery stenosis due 
to atherosclerosis. 


In 16 patients the abnormalities were consid- 
ered minor, including an isolated aneurysm, 
mild intimal irregularities, or tapering of 
either or both arteries. The causal relation- 
ship of these lesions to the hypertension ap- 
peared unlikely and surgical exploration and 
reconstruction were not advised. These pa- 
tients are being observed, however, and serial 
studies are planned. A small kidney and ar- 
tery on one side with a normal or hypertroph- 
ied opposite kidney were detected in four 
patients. In 39 patients no renal artery ab- 
normalities were found. The arteriographic 
study was not considered adequate in one 
patient (a child) but was not repeated because 
the patient’s blood pressure subsequently re- 
turned to normal levels without therapy. 
In addition to the picture of a small kidney 
with a uniformly narrowed renal artery (fig. 
2), two distinct radiologic patterns were dif- 
ferentiated. in patients with stenotic renal 
arteries. The characteristic arteriosclerotic 
lesion located at the origin or proximal third 
of the renal artery (fig. 3) was found in 34 
patients, unilaterally in 14 and bilaterally in 
20 (two of these had an associated aortic aneu- 
rysm). This radiologic picture was found, at 
surgery, to represent a plaque at the renal 
artery orifice or origin from the aorta, extend- 
ing concentrically around or projecting irreg- 
ularly into the lumen of the artery. The second 
type of radiologic abnormality (fig. 4) oc- 
eurred in the middle and distal thirds of the 
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renal artery, occasionally extending into the 
intrarenal branches, and consisted of alter- 
nating areas of constriction and dilatation of 
the arterial lumen, often associated with small 
aneurysms. This lesion was diagnosed as 
fibromuscular hyperplasia of the media on 
pathologic examination in the nine patients 
who were operated on and in whom a patho- 
logic specimen was available, and it was as- 
sumed that the same process was involved in 
the others with a similar radiologic pattern 
who were not explored. Five of these patients 
have been previously reported and the radio- 
logic patterns have been described in all of 
these 15.%5-36 In one patient, both types of 
radiologic abnormality were diagnosed radio- 
logically. 
Clinical Picture of Patients with Major Renal 
Artery Abnormalities 

The group of patients with radiologic ab- 
normalities believed to be due to atheroscle- 
rotic lesions and the group with a radiologic 
pattern of fibromuscular hyperplasia differed 
in several respects (table 3, fig. 5). The athero- 
sclerotic lesions occurred in both men and 
women of the older age group, while fibromus- 
eular hyperplasia was seen in relatively young 
women. More than 50 per cent of the athero- 
sclerotic group were in classes III and IV 
hypertensive severity—based on the level of 
the resting blood pressure, degree of cardiac 
enlargement, fundal abnormality, and electro- 
eardiographie evidence of left ventricular 
hypertrophy ;** 20 per cent of these had papil- 
ledema. On the other hand, all but two of the 
group with fibromuscular hyperplasia were in 
elass I or II hypertensive severity and none 
had papilledema. Total renal function, as 
measured by the creatinine clearance, nonpro- 
tein nitrogen, and the phenolsulfonphthalein 
excretion was normal in all of the patients 
with fibromuscular hyperplasia but impaired 
in nine of those with atherosclerosis. 
Complications from Arteriography 

The complications observed following the 
112 translumbar arteriograms fell into the 
following categories: (1) those related to gen- 
eral anesthesia, including transient hypoten- 
sion (eight cases), nausea and vomiting (13 
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eases), and hoarseness from intubation (two 
eases) ; (2) circulatory derangements second- 
ary to the aortic puncture, including reflex 
hypotension (three cases), retroperitoneal 
bleeding (14 cases), hematuria (11 cases), and 
transient decrease in renal excretory function 
(24 eases); (3) miscellaneous problems, in- 
eluding local lumbar tenderness or swelling 
(30 cases), allergic reaction to the opaque 
medium (one case), thrombophlebitis (two 
eases), and an acute case of pancreatitis. No 
deaths oceurred, but one patient had cardiac 
arrest while under general anesthesia and re- 
quired prolonged hospitalization for pleural 
effusion, bleeding, and infection resulting 
from the emergency thoracotomy. Two pa- 
tients who presumably had retroperitoneal 
bleeding were given transfusions and one pa- 
tient required vasopressor therapy for sus- 
tained hypotension. Following the routine use 
of local anesthesia the problems in the first 
eategory have no longer occurred. 

Among the 10 patients examined by the 
retrograde femoral technic (Seldinger), only 
one minor complication occurred : a local he- 
matoma with pain and paresthesias lasting 
several days. 


Validity of the Indications for Arteriography 


All the indications for arteriography listed 
in table 1 were not present in every one of 
the patients in whom abnormalities were dem- 
onstrated, nor were any of the indications 
consistently absent in the patients in whom 
abnormalities were not found. In order to 
determine which indications were most often 
present in patients with renal artery abnor- 
malities, we have compared three groups of 
patients (table 4), namely those with (1) sig- 
nificant renal artery abnormalities, (2) those 
with minor irregularities, and (3) those in 
whom no lesion could be detected. In addi- 
tion, the distribution of the three groups of 
patients among the four classes of hyperten- 
sive severity previously mentioned was com- 
pared. 

Of the 54 patients in group I, only three 
manifested a single indication for study; in 
all the others, two or more indications were 
present. On the other hand, a single indica- 
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Table 4 


Relationship of the Indications for Arteriography and Severity of the Hypertension to the Presence of 


Radiologic Abnormalities of the Renal Artery 





Clinical history 


Recent onset or documentation of hypertension 


Recent increase in the severity of existing hypertension 


Onset of hypertension in patients under 20 years 
over 50 years 

Negative family history of hypertension 

Recent flank pain or trauma to the flank 

Physical examination 

Malignant hypertension (papilledema ) 

Hemorrhages and exudates in the fundi 

Epigastric or flank bruit 

Atherosclerosis obliterans of the aorta or extremities 


Laboratory, radiologic 
Disparity in renal size or function by pyelography 


Unequal renal sodium and water excretion (Howard test) 


Overall hypertensive severity* 
Class I 
Class II 
Class ITI 
Class IV 


Total 


patients Group III, 


in whom Group I, Group II, normal 
indication significant minor renal 
was present lesion (54) lesion (16) arteries (39) 


41 25 
24 12 
18 8 
22 15 
36 17 

4 4 


11 
10 
62 


38 


40 


15 


17 10 
43 13 


36 18 14 
13 2 


cardiac, and renal impairment resulting from the hypertension. 


tion for arteriography was present in eight 
of the 39 patients without a lesion. The like- 
lihood of finding a lesion appears greater in 
patients with multiple indications than with 
only one indication. 

Recent onset or documentation of hyper- 
tension or recent increase was recorded in 68 
per cent of patients in group I (those with 
lesions) and in 54 per cent of those in group 
III (those without lesions). The absence of a 
family history and the percentage of patients 
with onset of hypertension before age 20 or 
after age 50 did not differ grossly among the 
three groups. 

A bruit was heard in 62 patients, 53 of 
whom had a demonstrable abnormality, al- 
though 11 of these were minor. Of the 48 
individuals without a bruit, an occlusive lesion 
was detected in 12. A bruit, thus, was asso- 
ciated with a lesion in a large percentage of 
eases, but the absence of a bruit did not pre- 


clude renal artery abnormalities. In eight of 
11 patients with papilledema, and in seven 
of 10 with hemorrhages and exudates in the 
fundi, arteriography demonstrated a stenotic 
process in one or both renal arteries. Clin- 
ically apparent atherosclerosis obliterans in 
the aorta and iliac vessels was associated with 
renal artery abnormalities in over 80 per cent 
of the cases. Disparity in renal size or func- 
tion was found equally in patients with and 
without lesions. On the other hand, 17 per 
cent of the patients with major lesions had 
normal intravenous pyelograms. 

Differential renal function studies (Howard 
study) resulted in a significant difference 
(positive test) in 15 patients, 14 of whom 
were found to have an arterial lesion, six of 
which were bilateral. The other patient had 
unilateral chronic pyelonephritis without 
arterial abnormality. No significant difference 
in renal function (negative test) was observed 
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Figure 4A 
Right renal arteriogram of a 38-year-old woman; 
presenting localized stenosis and poststenotic dila- 
tation of the middle and distal thirds of the renal 
artery due to fibromuscular hyperplasia. 


in 46 patients ; 13 with unilateral lesions, eight 
with bilateral lesions, and 25 without arterial 
abnormalities. 

Several combinations of indications were 
associated with a high percentage of lesions. 
In 86 per cent of patients with the combina- 
tion of a bruit and recent onset of hyperten- 
sion, and in 100 per cent of those with a bruit, 
clinical atherosclerosis obliterans and dis- 
parity in renal size, arteriography demon- 
strated a significant renal artery lesion. 
Operative Findings and Procedures 

Of the 70 patients with radiologically 
demonstrable abnormalities, 40 underwent 
operation. In one older patient an inoperable 
aortic aneurysm involving both renal arteries 
was encountered, and in another case evidence 
of retroperitoneal infection (residual from a 
previous procedure) was considered a contra- 
indication to proceeding with a vascular 
repair. 

The decision to perform a vascular repair 
after preliminary exploration was based on 
the palpatory finding of a diminished pulse 
distal to the occlusion, a palpable thrill over 
the stenotic portion of the artery, the presence 
of a poststenotic aneurysmal deformity and 
of a well-cireumscribed plaque or area of con- 
centric thickening in the arterial wall. Ne- 
phrectomy was performed when the kidney 
on one side was grossly atrophic, or when the 
arterial abnormality on one side extended too 
far into the renal artery branches to permit 
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Figure 4B 
Aortogram of a 49-year-old woman; bilateral mul- 
tiple areas of stenosis and dilatation of the distal 
renal artery typical of fibromuscular hyperplasia. 


resection and reanastomosis. Pressure gra- 
dients across stenotic segments and flow meter 
studies were recorded in only a few instances. 

In general, the abnormalities found at the 
operating table in the 38 patients on whom 
arteriotomy was performed, agreed closely 
with the radiologic findings, with the follow- 
ing exceptions. In five cases arteriography 
suggested a bilateral lesion, but at exploration 
only one side was found to be sufficiently ste- 
notice to require surgical repair. In one pa- 
tient no abnormality was found at initial 
arteriotomy, although the radiologic picture 
suggested bilateral fibromuscular hyperplasia. 
Two and a half years later this same patient 
(P.A., table 6) was again studied because of 
a sudden inerease in her hypertension. On 
the second arteriogram the left renal artery 
was found to be completely occluded, and the 
left kidney was much smaller than on the 
previous examination. The left kidney was 
removed ; it weighed 30 Gm. and showed mul- 
tiple old infarcts. A stenotic segment in the 
middle third of the renal artery was palpated 
by the surgeon but could not be resected for 
pathologic study. It is unclear whether this 
patient developed a new lesion or whether a 
small lesion, which was not palpated at opera- 
tion earlier, progressed to complete occlusion. 
Subsequent experience has indicated that the 





Table 5 


Corrective Surgical Procedures in 38 Patients 





No. of patients 


Endarterectomy of the renal artery 20 
Unilateral 13 
Uncomplicated 
Extensive —including aorta, iliac 
arteries, mesenteric artery, celiac 
axis with or without arterial graft 
(subsequent nephrectomy in 1 
patient) 
Associated nephrectomy on opposite 
side 
Bilateral 
Uncomplicated 
Associated aortic aneurysm repair 
Associated aortic thromboendarteree- 
tomy with aortofemoral bypass graft 


Splenorenal arterial anastomosis 
Subsequent nephreetomy of opposite 
kidney 


Segmental resection with end-to-end re- 
anastomosis of the renal artery 
Unilateral 
Bilateral—with subsequent nephrectomy 


Nephrectomy—auneomplicated 
Renal biopsy 


presence and extent of the occlusive lesion of 
fibromuscular hyperplasia may be difficult to 
detect by palpation at the time of operation. 

Not all of the patients in whom the arterio- 
graphic examination indicated a significant 
occlusive lesion were submitted to operation. 
Two patients died before they could be med- 
ically prepared for operation; at autopsy, 
arteriosclerotic plaques at the aortic orifice of 
the renal arteries diagnosed radiologically 
were confirmed in both. The arteriographic 
findings in 12 patients have not yet been con- 
firmed anatomically, either because operation 
has been refused (three cases), or because the 
lesion appeared inoperable in view of the ex- 
tensive bilateral abnormalities extending into 
the branches of the renal artery (eight cases) 
or the patient’s clinical status would not per- 
mit a major surgical procedure, and in one 
of the 13, operation is still under considera- 
tion. 

Two of the patients with no demonstrable 
renal artery lesion underwent nephrectomy 
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for unilateral pyelonephritis and adenocarci- 
noma of the kidney, respectively. In neither 
case was the entire renal artery exposed, but 
no constricting lesion was found in the exam- 
ined specimen. 

The operative procedures and the number 
of each performed are listed in table 5. In 
addition to the patient (P.A.) mentioned 
above, three others had a subsequent nephrec- 
tomy—two because of recurrent stenosis on 
the operated side, and in one patient a ne- 
phrectomy was performed on the inoperable 
right side after the initial shunt procedure 
on the left proved successful. 

Since the majority of the patients were 
diagnosed and operated on within the past 
3 years, the duration of follow-up in most is 
too short to permit a definite conclusion either 
that hypertension has been cured or that sur- 
gical therapy has failed. The early results, 
however, are of interest and are tabulated 
(table 6). 

Of the 38 patients who underwent correc- 
tive procedures, 31 survived and, of these, 25 
(80 per cent) were found to have a sustained 
postoperative reduction in blood pressure. Of 
these, 14 patients, with an average age of 34 
years, have remained at normal blood pressure 
levels for a mean period of 11 months (range: 
2 months to 7 years), while 11 patients with 
an average age of 50 years have had a sus- 
tained decrease in pressure but not quite to 
normal levels after a mean of 9 months 
(range: 2 months to 6 years). The duration 
of hypertension in all but three of the former 
group was 214 years or less, although in two 
patients it was 8 and 9 years, respectively. 
On the other hand, among patients whose 
blood pressure did not return completely to 
normal, the hypertension was of more than 
214 years’ duration in all but three, ranging 
from 1 month to 12 years. The difference in 
age and duration of hypertension between 
these two groups is striking and suggests a 
possible explanation for the difference in 
blood pressure response. In addition to a fall 
in blood pressure, these patients experienced 
marked improvement in clinical symptoms, 
physical findings, and laboratory abnormali- 
ties. Headaches, dizziness, and epistaxis dis- 
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appeared or subsided. Angina pectoris, if 
present prior to operation, lessened in sever- 
ity. Electrocardiographiec evidence of left 
ventricular hypertrophy subsided. Papille- 
dema or hemorrhages and soft exudates re- 
ceded in seven patients. 

Preoperative differential renal excretion 
studies (Howard test) showed a significant 
difference in sodium and water excretion be- 
tween the two kidneys in 12 patients whose 
blood pressure fell after surgery, whereas in 
six patients whose blood pressure fell, no sig- 
nificant difference was observed. The study 
was not performed or was unsuccessful in the 
remainder. In five of the patients who were 
studied again following surgery, the phenol- 
sulfonphthalein excretion on the operated 
side was improved, and in four the sodium 
and water excretion was equal to or greater 
than that on the unoperated side, which had 
originally been the side with better excretion. 

The blood pressure did not fall postopera- 
tively in six patients. In two of these the ste- 
notice lesion could not be completely repaired 
and areas of ischemic kidney probably persist. 
One patient (L.K.) whose blood pressure fell 
after bilateral segmental renal artery resec- 
tion for fibromuscular hyperplasia, was found 
to have recurrent stenosis on the left side 
when her blood pressure rose abruptly 2 
months later. Following left nephrectomy she 
was normotensive for 6 months and then her 
blood pressure returned to preoperative levels. 
Arteriography at this time revealed narrow- 
ing of the entire right renal artery considered 
to be inoperable. Moderately severe athero- 
sclerosis was diagnosed on renal biopsy in a 
fourth patient and may explain the persist- 
ence of his hypertension. No definite explana- 
tion for the persistence of the hypertension is 
evident in the remaining two patients. 

One patient died at surgery owing to car- 
diae arrest, and another patient died 2 days 
later from uncontrollable bleeding. Five other 
patients have died following surgery. One of 
these had rheumatic heart disease with un- 
controllable atrial fibrillation, congestive 
heart failure, and multiple emboli to the 
brain, kidneys, and extremities. Another pa- 
tient, who was in renal failure, had an exten- 
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60 


ATHEROSCLEROTIC 
2 (w+34) 


FIBROMUSCULAR 
oe B weis) 


40 
% OF 
PATIENTS 
30 


20 


10 


CLASS OF HYPERTENSIVE severity 
Figure 5 

Comparison of hypertensive severity of patients 
with occlusive renal artery lesions due to athero- 
sclerosis and fibromuscular hyperplasia of the 
media. Severity classification based on the level 
of the resting blood pressure and the degree of 
cardiac, fundal, and renal impairment resulting 
from the hypertension. 


sive aortic aneurysm involving both renal 
arteries, and an attempt to improve his im- 
paired renal circulation failed. A chronic 
duodenal ulcer perforated postoperatively in 
another patient with resulting peritonitis and 
shock. Sudden death, due in one case to a 
cerebral and in the other to a coronary occlu- 
sion, occurred in the remaining two. Four of 
these patients were 60 years or older, all had 
atherosclerotic lesions, and all but one of these 
eases required extensive operative procedures. 
On pathologic examination of the stenotic 
arteries of patients whose blood pressure fell, 
15 were proved to have atherosclerotic plaques 
as suggested by the radiographic pattern, 
while in nine patients the microscopic and 
radiologic picture was that of fibromuscular 
hyperplasia of the media. Figure 6 illustrates 
the microscopic appearance of an artery with 
fibromuscular hypertrophy in cross section, 
showing the intact intima and the widened 
media and adventitia composed of an excess 
of fibrous and muscular elements with result- 
ant encroachment on the arterial lumen. 
Examination of the 12 kidneys that were 
removed revealed hypoplasia (two cases), 
focal infarction (two cases), fibrosis and at- 
rophy (four cases), and arteriolar sclerosis 
and chronic inflammatory infiltrate in four. 
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In the renal biopsies that were available, no 
consistent abnormality was detected. In some 
patients the kidney biopsy on the side of the 
arterial stenosis was normal and the opposite 
kidney showed arteriolosclerosis or nonspecific 
changes, while in others the reverse situation 
occurred or both kidneys showed the same 
changes. 
Discussion 

The demonstration of major abnormalities 
of the renal artery in 50 per cent of the se- 
lected hypertensive patients examined by 
arteriography suggests that hypertension sec- 
ondary to renal ischemia is not a rare finding. 
This figure approaches the results of Black- 
man, who reported finding obstructing athero- 
sclerotic plaques projecting into the lumen of 
one or both renal arteries in 86 per cent of 
50 hypertensive patients examined at autopsy 
and in only 10 per cent of 50 nonhypertensive 
patients examined concurrently.2® The inei- 
dence of severe complications from arteriog- 
raphy in this study was relatively low, and 
was further decreased by avoiding general 
anesthesia and using the retrograde transfem- 
oral approach. Aside from the occasional prob- 
lem of retroperitoneal bleeding, the primary 
disadvantage of the translumbar technic has 
been the periaortic inflammatory reaction, 
which may make subsequent surgical dissec- 
tion difficult. Preliminary experience with 
retrograde catheterization following puncture 
of the femoral artery has demonstrated that 
this technic gives equally satisfactory renal 
artery visualization and avoids the local com- 
plications of aortic puncture. At the present 
time this method is preferred unless there are 
extensive occlusive lesions in the aorta or iliac 
or femoral vessels. The potential complications 
of arteriography will probably never be com- 
pletely avoided, but the chances of finding a 
curable lesion warrant the risk of the pro- 
cedure, since both the diagnosis and the pre- 
operative anatomic localization of the abnor- 
mality can be obtained only by arteriography. 

Routine visualization of the renal artery in 
all hypertensive patients is not practical, 
therefore the question arises of how to select 
those patients most likely to have demonstra- 
ble abnormalities by arteriography. As a 
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group, the patients with arterial lesions in 
this series did not differ in their clinical ap- 
pearance from the general population of 
hypertensive patients. In many patients the 
hypertension was well-controlled with drugs; 
both mild and severe cases were represented, 
as were patients in all age groups, with and 
without a family history of hypertension. The 
results of renal function tests were normal in 
most of the patients, and in 17 per cent the 
excretory urograms were also normal. In 
most of the patients with major renal artery 
abnormalities, multiple indications for arteri- 
ography were present, and 68 per cent had 
either recent onset or increase in hypertension, 
and 80 per cent had a bruit; in a few, only 
one indication, such as severe hypertension or 
atherosclerosis of the abdominal aorta, was 
present. Although a positive Howard study 
usually pointed to a unilateral arterial lesion, 
a negative study was often associated with 
bilateral abnormalities and thus did not help 
to differentiate these patients from those with 
normal renal arteries. None of the indications 
for arteriography was always associated with 
positive arteriographic findings, nor was the 
absence of any one always associated with a 
normal arteriogram. Perera and Haelig’s sug- 
gestion that the hypertension secondary to 
renal artery stenosis is usually severe and dif- 
ficult to control is not borne out by our find- 
ings.’ Our experience to date indicates that 
by doing arteriograms in individuals with un- 
explainable recent onset or exacerbation of 
hypertension, papilledema, an epigastric bruit, 
atherosclerosis of the abdominal aorta, or dis- 
parity in renal size or function, one is likely 
to discover the majority of patients with arte- 
rial abnormalities. However, the variety of 
clinical patterns associated with renal artery 
abnormalities suggests that at present there 
are no completely reliable clinical methods to 
exclude the possibility of an arterial lesion. 
The true frequency of this abnormality will 
not be known until a series of consecutive 
hypertensive patients is studied with arte- 
riography. 

The classification of the radiologic findings 
as atherosclerotic, fibromuscular hyperplasia, 
or hypoplasia of the renal artery appears jus- 
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Figure 6A 


Cross section of the renal artery through an area 
of fibromuscular hyperplasia. The marked decrease 
in the arterial lumen is contrasted to lumen in 
figure 6B. Hematoxylin and eosin stain. 


tified on the basis of the observations at opera- 
tion and pathologic examination of the re- 
sected specimens. Little is known about the 
pathogenesis of fibromuscular hyperplasia, 
nor do we know whether the pathologie proc- 
ess will recur after resection or extend to 
other vessels. Repeat arteriograms on oper- 
ated and unoperated patients with minimal 
lesions of fibromuscular hyperplasia will help 
to increase our understanding of this process. 
The observation that most of the patients with 
fibromuscular hyperplasia were relatively 
young women* with mild hypertension again 
stresses the importance of suspecting renal 
artery stenosis even in patients with mild 
hypertension and among the group considered 
as representing classical essential hyperten- 
sion. The atherosclerotic lesions appeared both 
in patients with longstanding hypertension in 
whom atherosclerosis was perhaps accelerated 
by the hypertension and in patients with 
generalized atherosclerosis without previous 
hypertension. The mortality following surgi- 
eal correction in this group of patients, many 





*We have since observed a similar lesion in an 
1l-month-old boy, and male cases have been reported 
in the literature.” 
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Figure 6B 


Cross section through a segment of normal renal 
artery. Hematoxylin and eosin stain. 


of whom also had cerebral and coronary ath- 
erosclerosis, was relatively high. 

The classification ‘‘minor lesions’’ raises 
the question: how stenotic must an artery be, 
by radiologic examination, to justify surgical 
repair? In the absence of quantitative pres- 
sure and flow measurements, this decision 
depends on a qualitative appraisal by the 
experienced surgeon and radiologist. How- 
ever, continued observation and serial exam- 
inations will be necessary to clarify the 
prognostic importance of minor arterial ab- 
normalities. Likewise, the presence of an iso- 
lated aneurysm of the renal artery without 
stenosis, although reported in nonhypertensive 
patients, *®: #° could be associated with hyper- 
tension, and such cases have been reported 
cured of their hypertension following suitable 
vascular repair. At this point one might spec- 
ulate whether the patient (P.A.) whose radio- 
logic abnormalities were not confirmed at the 
initial arteriotomy, developed progression of 
the original minimal process with eventual 
complete occlusion and secondary thrombosis 








1302 


of the renal artery. This would explain the 
marked decrease in renal size and unquestion- 
able evidence of renal infarction 2144 years 
later. If the process represented by minimal 
radiologic abnormality is a progressive one, 
at what stage is vascular repair indicated, and 
when does nephrectomy become inevitable be- 
cause of irreversible renal changes? 

The type of surgical procedure used in each 
patient depended on the site and extent of the 
arterial lesion. These problems are largely 
technical and depend on the availability of a 
skilled vascular surgeon. Reconstruction is 
particularly difficult in the presence of asso- 
ciated atherosclerotic disease of the aorta and 
its major branches. Whenever possible, a ste- 
notice segment was resected, a plaque removed, 
or a shunt performed around the lesion in 
order to save the kidney. The postoperative 
improvement in phenolsulfonphthalein, water, 
and sodium excretion in many cases, suggest- 
ing that renal function had improved follow- 
ing restoration of renal blood flow, justifies 
these vascular reconstructive procedures, even 
though they are associated with a greater 
operative risk than simple nephrectomy. How- 
ever, the demonstration of arteriolar sclerosis 
in some of the renal biopsies from kidneys 
distal to an arterial stenosis, leads to specu- 
lation regarding the ‘‘protected’’ kidney the- 
ory reported by other authors.?°°? Likewise, 
the postoperative blood pressure fall in all of 
the patients who underwent simple nephrec- 
tomy suggests that the ‘‘unprotected’’ kidney 
may not be irreparably altered by the hyper- 
tension, especially when it is of short dura- 
tion, and may be capable of maintaining both 
normal renal function and restoring normo- 
tension. 

It is still premature to formulate definite 
conclusions from the postoperative fall in 
blood pressure observed so far. But the results 
thus far have been encouraging, especially in 
the younger age group and in the patients 
with fibromuscular hyperplasia. The postop- 
erative fall in blood pressure in 25 of the 31 
surviving patients, with a sustained fall to 
normal in 14 of the 25, is very gratifying. 
These patients would otherwise have been 
committed to a lifetime of expensive drug 
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therapy, often of limited efficacy. In addition 
to a fall in blood pressure, these patients have 
lost many of their symptoms. In several, the 
abnormal electrocardiogram has returned to 
normal, and the fundal changes of advanced 
disease have disappeared. 

Although most of the patients whose blood 
pressure returned to normal had a relatively 
short history of hypertension, a long history 
of hypertension was not incompatible with a 
complete return to normal following opera- 
tion. In patients with a correctible lesion we 
were not able to find any consistent preopera- 
tive indications on which to predict whether 
the blood pressure would fall after surgery. 
All patients with a significant difference in 
renal sodium and water excretion experienced 
a postoperative fall in pressure, but patients 
with unilateral lesions and equal renal excre- 
tion as well as patients with bilateral lesions 
also had a fall in blood pressure. The Howard 
test is, therefore, useful both in diagnosis and 
prognosis only when the results are positive. 

In the patients in whom the blood pressure 
was not lowered after surgery, the presence 
of an inoperable lesion or moderately advanced 
arteriolar sclerosis on renal biopsy are prob- 
able explanations for the surgical failure. The 
routine performance of bilateral renal biop- 
sies is justified as a prognostic aid, although 
the isolated presence of arteriolosclerosis 
should not be considered a contraindication 
to vascular reconstruction. 

The postoperative mortality in our group 
of patients is high compared to the figures 
from other medical centers,** *8 in part be- 
cause we attempted to explore the scope and 
applicability of reconstructive arterial pro- 
cedures even in poor-risk patients. It is now 
apparent that the greatest mortality occurred 
in the elderly arteriosclerotic patient and dur- 
ing the period of development of operative 
technics. Should increasing experience not be 
reflected in a reduction of operative mortality 
in this elderly group, simple nephrectomy may 
be the preferable procedure in those with uni- 
lateral lesions. 


Summary 
Historically, the awareness of renal artery 
narrowing as a curable cause of hypertension 
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has evolved gradually, highlighted especially 
by Goldblatt and Poutasse. The increasing use 
of renal arteriography over the past 8 years 
in this hospital has yielded a total of 70 pa- 
tients with renal artery abnormalities out of 
110 hypertensive patients exarhined. 

In order to select the hypertensive patients 
most likely to have demonstrable arterial le- 
sions, certain indications for arteriography 
were used. Most useful among these were the 
presence of an epigastric bruit, malignant 
hypertension, atherosclerosis of the abdominal 
aorta, and recent onset of hypertension. How- 
ever, no one indication was always present in 
patients with lesions or always absent in those 
without abnormalities. 

Of the 70 patients with renal artery abnor- 
malities, 54 were considered to represent suffi- 
cient renal artery stenosis to be potential can- 
didates for surgical correction, while 16 had 
minor renal artery abnormalities. Atheroscle- 
rotic lesions occurred in 63 per cent of the 
patients with significant lesions, fibromuscular 
hyperplasia in 28 per cent, unilateral renal 
artery hypoplasia or atrophy in 7 per cent, 
and one case had embolic renal artery occlu- 
sion. Fifty-four per cent of all patients with 
significant lesions had bilateral disease. The 
patients with atherosclerotic lesions and those 
with fibromuscular hyperplasia differed mark- 
edly in sex distribution, age, and severity of 
hypertension. It is suggested that the retro- 
grade transfemoral catheterization technic 
may be associated with fewer complications 
in patients without extensive occlusive athero- 
sclerotic disease of the aorta, and iliac and 
femoral arteries. 

At operation the radiologic findings were 
confirmed in all but one patient. Corrective 
surgical procedures were performed in 38 
patients, including nephrectomy, endarterec- 
tomy, segmental resection with reanastomosis, 
and splenorenal arterial shunt. Of the 31 
patients who survived, 25 (81 per cent) had 
a postoperative fall in blood pressure, 14 to 
normal, in addition to improvement in clinical 
status. The follow-up period, however, is not 
yet sufficiently long to permit definite con- 
clusions. Seven patients died; most of these 
had bilateral renal artery disease and exten- 
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sive atherosclerosis of the cerebral and coro- 
nary arteries. 
Divided renal function studies were of lim- 


ited diagnostic value because of the high 


incidence of bilateral lesions. In all patients 
with significant differences in renal sodium 
and water excretion, a postoperative fall in 
blood pressure occurred, but the same number 
of patients with equal bilateral excretion also 
had a fall in blood pressure. 

The importance of suspecting renal artery 
lesions in hypertensive patients regardless of 
age, severity of hypertension, or renal func- 
tion is stressed. The question is discussed 
whether all patients with sustained hyperten- 
sion should undergo arteriography. Although 
further studies to determine the true preva- 
lence of occlusive renal artery lesions in the 
hypertensive population are in order, the fact 
that 50 per cent of our 110 patients had oc- 
clusive lesions and 60 per cent of the operated 
cases had a fall in blood pressure attests not 
only to the prevalence of the lesion but also 
to its potential curability. 
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Surgery in Complete Occlusion of the 
Internal Carotid Artery 


By A. J. Gunning, F.R.C.S., anp R. W. Ross Russetu, M.D., M.R.C.P. 


TIS WELL KNOWN that vascular disease 

of the brain and the retina is often asso- 
ciated with occlusive disease of the carotid 
arteries. It is now possible in many cases to 
remove the occlusion, and such operations are 
being performed with increasing frequency. 
The technical results of operations on the 
common carotid, innominate, and subclavian 
arteries are highly satisfactory both for ste- 
nosing and complete occlusions, and at the 
origin of the internal carotid artery stenosing 
lesions are again readily operable.? ? It is not 
yet possible to assess the functional results of 
these operations, as many of the patients com- 
ing to surgery have little or no neurologic 
disability, and the operation is performed in 
the hope of preventing future vascular acci- 
dents. 

In patients with total occlusion in the region 
of the carotid bifurcation the results of sur- 
gery, both technically and functionally, are 
even more uncertain and for this reason we 
report our experience from the period of 1958 
to 1960 in 15 such eases in whom surgical 
treatment was undertaken. 


Clinical Features 

There were 10 men and five women whose 
ages ranged from 33 to 75 years. Twelve pa- 
tients presented with a hemiparesis, two with 
monocular visual symptoms, and one with 
focal seizures. The onset was associated with 
loss of consciousness in only two patients, and 
previous transient symptoms were remarked 
upon by seven patients. 

There were no unusual features on clinical 
examination ; the diastolic blood pressure was 
over 120 mm. Hg in only one patient, and one 
patient had mitral stenosis and atrial fibril- 
lation. A palpable diminution or absence of 
the appropriate carotid pulse was noticed in 
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eight patients. Two patients had a bruit over 
the occluded carotid and several others had 
systolic bruits over the carotid bifurcations on 
the other side. Ptosis and meiosis of the pupil 
on the side of the carotid lesion were noticed 
in four patients, but facial sweating was un- 
altered. One patient showed unilateral optic 
atrophy, and three patients seen during an 
attack of blindness showed retinal edema and 
arterial occlusion. In one patient friable mi- 
eroemboli were seen passing through the 
retinal vessels during an attack of monocular 
blindness.® 

A hemiparesis, of variable severity, was 
present in 12 patients; in all, the arm and 
face were more severely affected than the leg. 
Six had a homonymous hemianopsia. 

One patient had the unusual combination 
of internal carotid occlusion on one side with 
ophthalmic artery occlusion on the other, due 
to multiple embolism from an atrial myxoma. 


Pressure Measurements of Ophthalmic Artery 

In 13 patients ophthalmic artery pres- 
sures were measured with the Bailliart oph- 
thalmodynamometer, and results are shown in 
figure 1. Most cases showed some diminution 
of pressure on the affected side, the most 
marked difference appearing in systolic rather 
than diastolic readings and in early rather 
than late cases. 

After operation, in which pulsatile back 
flow was established, ophthalmic pressures re- 
turned to normal (four cases). 


Angiographic Findings 

Percutaneous puncture of the common ¢a- 
rotid artery was done in thirteen patients. 
In the remaining two patients the diagnosis 
was made on the absence of the common ¢a- 
rotid pulsation. Exposures were taken on 
completion of injection and 2 and 6 seconds 
thereafter. 

The criterion of carotid occlusion was ab- 
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Ophthalmic artery pressure measurements on 13 patients. The lines indicate the range 
of normality (95 per cent confidence limits) for patients over 50 years. Closed circles, 
normal side; open circles, occluded side. Postoperative change indicated by dotted lines. 


sence of filling of the intracranial artery, and 
there were two kinds of angiographic appear- 
ance. 

Group I. Complete hold-up of the dye oc- 
curred in the internal carotid artery within 
1 to 3 em. of the origin (eight cases). Collat- 
eral vessels were usually well developed. 

Group II. Apparent complete hold-up of 
the dye occurred in the first part of the inter- 
nal carotid artery. In later films the dye was 
seen filling or partially filling the upper part 
of the artery as far as the base of the skull 
(five cases). Collateral vessels were not seen 
in this group. 

This appearance indicates an occlusion of 
the upper part of the internal carotid that is 
not quite complete. When the artery is blocked 
at this site, retrograde thrombosis tends to 
occur throughout the length of the vessel to 
within a short distance of the origin. The 
final appearance is of complete occlusion at 


the origin of the artery, irrespective of the 
initial site of the thrombosis. 

In two eases belonging to angiographic 
group II, with an intracranial occlusion and 
slow flow up the artery, it was possible to 
verify the site of the block by angiography 
on the operating table, dye being injected di- 
rectly into the cervical part of the internal 
earotid artery. 

Postoperative angiograms were done on 
only two patients as the restoration of normal 
carotid pressure was checked more easily by 
ophthalmodynamometry. There were no ill 
effects after arteriography. 


Pressure Measurements of Carotid Artery 

Pressure measurements were attempted on 
five occasions by a Statham strain-gage ma- 
nometer, the artery being punctured with a 
no.-1 needle. It was not found possible to re- 
cord the pressure on both sides of a complete 
occlusion at the origin of the internal carotid 
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Table 1 


Results of Operation (Fifteen Carotid Arteries Explored) 








A. Pulsatile backflow established 


0 
Patent postoperatively 4 (Case 4 not examined) 


(ophthalmodynamometer ) 


“9 


Subsequent rethrombosis 
(detected by palpation ) 


Case 4. Rethrombosis at 5 days 
Second operation; thrombosed again; no change 


Case 11. Rethrombosis at 2 days; died 
Case 10. Rethrombosis at 4 weeks; died 


No subsequent rethrombosis 2 Case 2. Slight improvement postoperatively; died 3 
months later from eancer; carotid patent at 
autopsy 

Case 6. Complete recovery (9 months) 
B. Backflow not established 10 
Improved on follow-up 5 Case 1. Complete recovery 3 years 


Case 3. Complete recovery 2 years 

Case 7. Improved, working 9 months 

Case 9. Improved, at home 6 months 

Case 13. Improved, no more attacks 3 months 


Unchanged or worse 3 Case 5. Working 18 months 
Case 8. Working 1 year 
Case 14. In hospital 6 months 


Died 2 Case 12. One week postop.; autopsy, carotid blocked 
at syphon 
Case 15. Died postoperatively; autopsy, multiple 


emboli 


owing to thrombosis in the distal portion of 
the artery. In cases belonging to angiographic 
group II, where the occlusion occurred at the 
base of the skull, measurements gave confirma- 
tory evidence of a distal occlusion, the pres- 
sure being equal in internal and common 
carotid arteries apart from slight damping in 
the distal record. 
' Operation 

Through an incision parallel to the sterno- 
mastoid muscle, from the tip of the mastoid 
process to the level of the cricoid cartilage, 
the common carotid artery and its two 
branches were exposed. Approximately 7 em. 
of the internal carotid artery were isolated. 
The lower end of the obstruction was usually 
at the point of bifurcation. No effort was made 
to do a temporary bypass of the obstruction. 

Before opening the artery heparin (5,000 
to 10,000 units) was given intravenously and 
allowed to circulate for 1144 to 2 minutes be- 
fore clamping the common and external ¢a- 
rotid arteries with Glover’s multitoothed 
clamps. An incision was then made into the 
termination of the common carotid artery, 
along the bulb and into the internal carotid 
artery. If there was any back bleeding from 
the internal carotid artery, the artery was 
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clamped. A formal endarterectomy was then 
done, and the thrombus together with the 
thickened atheromatous intima was easily sep- 
arated and removed. Downwards into the com- 
mon carotid the intima was thin and was 
divided. Distally, however, the thickened in- 
tima extended well up the internal carotid 
artery. The cut edges of the intima were su- 
tured back to the media to prevent dissection 
of the coats when the flow of blood was re- 
established. Before suturing the incision with 
6.0 black silk a sucker and corkscrew reamer 
were passed up the internal carotid artery in 
an attempt to remove thrombus in the upper 
reaches of the artery. In early cases the artery 
was found to contain a soft, black thrombus. 
It has been our experience that suction alone 
was seldom successful in removing the clot, 
and we relied on a corkscrew reamer. The 
instrument was gently rotated into the open 
internal carotid artery for a short distance 
and then removed. A portion of thrombus was 
usually brought out with it, and the process 
was repeated rotating the reamer farther up 
the artery until the base of the skull was 
reached. By this means the last piece of a 
propagated thrombus was sometimes success- 
fully removed and pulsatile back flow was es- 





duration of presenting symptom months 





no back 


back 
bleeding 
Figure 2 


Duration of symptoms in technically successful 
cases and in those found to be inoperable. 


bleeding 


tablished. The wound in the neck was closed 
in layers. 
Results of Operation 

A summary of the follow-up information is 
given in table 1 and shows that technically 
successful operations were achieved in five of 
15 patients. Three of the carotid arteries sub- 
sequently thrombosed, although all five pa- 
tients had been maintained on anticoagulants 
during the period in hospital. Half the pa- 
tients in whom operation was unsuccessful 
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showed some improvement postoperatively and 
two were completely normal 3 years later. Of 
the four patients who died three were coma- 
tose and gravely ill before operation, one (case 
10) had only a moderate hemiparesis and was 
unquestionably made worse by operation. This 
may have been due to an embolic blockage of 
an intracranial vessel or to a short period of 
hypotension during operation. 


Pathology 

The pathology of the arterial occlusion was 
deduced from inspection of the artery at op- 
eration, from histologic examination of the 
endarterectomy specimen or from autopsy. In 
eight cases there was evidence of extensive 
atheroma at the origin of the internal carotid, 
and atheromatous plaques were removed by 
blunt dissection. All these cases showed recent 
thrombus on the surface of the plaque, and it 
appeared likely that the last stage of oblitera- 
tion of the arterial lumen was one of throm- 
botie occlusion. Recent thrombus extended up- 
ward into the cervical portion of the internal 
carotid (five cases) and downward into the 
common carotid (two cases). It also extended 
into the external carotid artery on two occa- 
sions and probably into the ophthalmic artery 
on one occasion. In two eases the occlusion 
was embolic, one a case of mitral stenosis and 
the other of atrial myxoma. In both, the em- 
bolus impacted in the intracranial portion of 
the internal carotid and the angiogram 
showed apparent occlusion near the origin in 
early view, with delayed flow up the cervical 
carotid that was visible in the later films. 

In one ease thrombotic occlusion occurred 
12 hours after an injury to the face and neck. 
The patient was a young man with minimal 
atheroma. In one case multiple arterial throm- 
bosis including both femoral and one internal 
carotid occurred over the course of 6 weeks. 
There was no evidence of arteritis or of blood 
disorder, and atheroma was only moderate. 
In two cases belonging to angiographic group 
II, the internal carotid artery was narrowed 
and nonpulsatile in its cervical course. There 
was no evidence of atheroma or thrombosis at 
the bifurcation on opening the artery, and 
only slight back-bleeding occurred. Both these 
patients had long histories, and in one the 
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onset of symptoms may have been related to 
a gunshot wound of the neck 20 years pre- 
viously. It is also possible that the internal 
carotid artery was congenitally hypoplastic. 


Discussion 

The clinical observations in the present se- 
ries are in accord with other reports on larger 
numbers of patients. It is often impossible 
to diagnose a carotid thrombosis on clinical 
grounds alone. The combination of ocular and 
cerebral symptoms was present on six occa- 
sions and seven patients described transient 
ischemic attacks in the months or years pre- 
ceding the major stroke. Carotid pulsation in 
the neck was palpably diminished in eight pa- 
tients including two with common earotid 
ocelusion. Carotid bruits were variable; the 
presence of a bruit did not exclude a total 
occlusion. Four patients had a partial Hor- 
ner’s syndrome but this was net correlated 
with duration of obstruction and occurred in 
both acute and chronie cases. It was presum- 
ably due to an interruption in the blood sup- 
ply to the sympathetic trunk. Angiography 
showed an unexpectedly large proportion of 
eases in which the obstruction appeared to 
start at the base of the skull, and the appear- 
ances in these cases of a slow laminar flow of 
dye up the stagnant or nearly stagnant ves- 
sels are noteworthy. These findings are not 
diagnostic of carotid occlusion but may occa- 
sionally be seen affecting both carotid arteries 
in acute hydrocephalus from tumor or sub- 
arachnoid hemorrhage.® 

When considering the results of treatment 
in extracranial carotid disease it is helpful to 
distinguish between carotid narrowing and 
carotid occlusion. Narrowing is extremely 
common and occurs in about one third of ran- 
dom autopsies, frequently affecting more than 
one of the main vessels.® Most cases are symp- 
tomless but when symptoms do occur they are 
often transient and repetitive, both in the eve 
and in the cerebral hemisphere.” The pressure 
in the upper part of the carotid artery meas- 
ured directly at operation or indirectly by 
ophthalmodynamometry is usually normal, 
and histologic examination of the intima re- 
moved by endarterectomy usually shows fresh 
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thrombus on a basis of atheroma. It is prob- 
able that many of the transient symptoms 
suffered by these patients are due to embolism 
from a diseased portion of artery, a process 
that is known to occur in other situations, e.g., 
the subclavian artery in association with a 
cervical rib.6 If the diseased intima can be 
removed by endarterectomy, the transient at- 
tacks may cease. Assessment of such cases is 
difficult, however, since attacks may cease 
spontaneously, and also because patients are 
often maintained on anticoagulants.® If em- 
bolism is frequent and if the area of stenosis 
cannot be removed, it may be advisable to li- 
gate the internal carotid, provided a good 
cross circulation can be demonstrated angio- 
craphically. 

When a partial occlusion becomes complete, 
the symptomatology and approach to treat- 
ment are different. Here the brain is entirely 
dependent on collateral vessels and the pres- 
sure in the upper part of the affected carotid 
artery is reduced, particularly when the oc- 
clusion occurs rapidly as when the artery is 
ligated.1°.11. Under these circumstances the 
collateral blood flow to the hemisphere on the 
affected side is liable to become insufficient 
when the systemic blood pressure falls.'* Many 
patients undergo spontaneous carotid occlu- 
sion without symptoms and the lesions may be 
discovered incidentally at autopsy; in others, 
possibly those with more advanced arterial 
disease, the collateral vessels are inadequate 
and a hemiplegia ensues. 


Pulsatile backflow, which is the prerequisite 
of a technically successful operation, was 
achieved in five of 15 patients, about the 
same proportion of successful results as re- 
ported by others in total internal carotid oc- 
clusions.!: 7: 13 In the remainder, either the site 
of the occlusion was inaccessible or the throm- 
bus had organized and extended throughout 
the length of the vessel. The successful opera- 
tions were all carried out within a few days 
of the onset of hemiparesis (fig. 2) and it is 
possible that had the other patients been seen 
earlier, most of the operations would have 
been successful. 

Functionally, results were even less impres- 
sive. In the present series two of the tech- 
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nically successful operations were followed by 
some postoperative improvement and one re- 
turned completely to normal, but many of 
these with inoperably occluded arteries also 
showed improvement. It is not surprising that 
thrombendarterectomy has little or no influ- 
ence on recovery from existing symptoms, 
since the brain quickly suffers irreversible 
changes as a result of ischemia, and it follows 
that the only justifiable reason for operating 
on a completely occluded internal carotid is 
the belief that the prognosis with regard to 
further strokes will be improved if four in- 
stead of three patent vessels are supplying the 
brain. When one artery is severely narrowed 
by atheroma there is a probability that the 
other arteries (and other parts of the same 
artery) will also be affected, and this may 
possibly be a limiting factor in the develop- 
ment of collateral vessels. However, the inci- 
dence of cerebral infarction following carotid 
ligation is no higher in arteriosclerotie pa- 
tients than in young patients.'* 

On the other hand, the not infrequent re- 
eurrence of thrombosis following endarterec- 
tomy, the fact that total occlusion takes place 
by thrombosis, and the possibility of embo- 
lism of loose thrombus during operation or at 
the time when total occlusion is taking place 
all suggest that the medical control of throm- 
bosis might be of more benefit than surgery. 
Prothrombin inhibitors of the coumarol type 
seem to be doubtfully effective in controlling 
arterial thrombosis (three arteries in the 
present series rethrombosed while the patient 
was on adequate treatment with phenindione) 
and a more potent antithrombotic agent pos- 
sibly with fibrinolytic or antiplatelet action is 
urgently needed. 


Summary and Conclusions 

The clinical features, findings on investiga- 
tion, and results of operation are reported on 
15 eases of complete thrombotic occlusion of 
the internal carotid artery. Backflow was es- 
tablished in five cases but no additional clin- 
ical improvement was noted when these cases 
were compared to others in whom operation 
was unsuccessful. 

We cannot recommend surgery at the pres- 
ent time to patients with a moderate or severe 
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hemiplegia associated with a complete angio- 
graphic block, with the prospect of relieving 
existing cerebral ischemia. It seems justifiable 
only as a possible insurance against further 
strokes, and its effectiveness in this regard is 
unknown. 
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Supravalvular Aortic Stenosis 


By J. C. P. Wiu1aMs, M.B., B. G. Barratr-Boyes, M.B., anp J. B. Lowz, M.B. 


EFORE Denie and Verheugt (1958)! 

drew attention to the possibility of 
diagnosing supravalvular aortic stenosis from 
the characteristics of the pressure tracings 
across the aortic valve region, there had been 
only autopsy reports of 17 cases with supra- 
valvular obstruction. Fourteen of these ear- 
lier accounts concern bands or membranes 
stretching across the aortic lumen*!° and 
only three previous cases!!-}3 are strictly com- 
parable to Denie and Verheugt’s patient, in 
whom the obstruction was due in part to 
hypertrophy of the media just above the si- 
nuses of Valsalva and in part to constriction 
of the aortic wall at the same level. This pa- 
tient presented the usual features of valvular 
or subvalvular aortic stenosis and the true 
condition was not recognized until operation. 
Denie and Verheugt commented that ‘‘as 
surgical correction of the aortic stenosis be- 
comes more commonplace, . . . these anomalies 
may well be encountered more frequently.”’ 
Subsequently, Morrow et al.'* reported three 
similar cases, of which two were unsuspected 
until operation but one was diagnosed pre- 
operatively by left heart catheterization. 
Angiocardiograms taken after retrograde left 
ventricular catheterization in two further 
eases were published by Hanson et al. and 
by Dotter and Gensini,!® and with the aid 
of cardiopulmonary bypass McGoon et al.’ 
and Senning'® have successfully relieved ob- 
structions of this type. 

Four new instances of this anomaly to 
which the term supravalvular aortic stenosis 
is betgming specifically applied are now re- 
ported.‘In three patients, who otherwise had 
the signs of valvular or subvalvular stenosis, 
the correct diagnosis was suggested before 
investigation by the close facial resemblance 


From the Green Lane Hospital, Auckland, New 
Zealand. 
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they bore to the fourth patient, who had been 
found to have supravalvular stenosis at oper- 
ation.YAll four patients are mentally deficient 
and the association of supravalvular stenosis 
with the physical and mental characteristics 
here described may constitute a previously 
unrecognized syndrome. 


Clinical Features 


The patients, three female and one male, are 

aged -7_years (E.C.),-Z years (P.W.),~12 years 
(H.B.), and.11_years (J.S.). Their sexual charac- 
teristics are normal and in agreement with the 
leukocyte nuclear sex. Although mentally retarded 
they are receiving a limited education at special 
schools and they have sufficient understanding to 
have acquired normal social habitsNTheir intelli- 
gence quotients (Stanford-Binet) are 72, 67, 42, 
and 67, respectively. 
\ Their facial resemblance, less strikingly shown 
in figures 1 and 2 than in real life, appears to 
derive largely from soft-tissue similarities, no com- 
mon abnormality having been found in roentgeno- 
grams of their skulls\The faces are full, the fore- 
heads broad, the eyes set well apart, the cheeks 
heavy and dependent, the mouths wide, and in 
some _the lips are pouting»The chins, however, are 
pointedy Some have prominent ears and some have 
malocclusion of the teeth. Although there are 
clearly differences from face to face, the above 
features in varying degree combine to give the 
patients a similarity of appearance not easily de- 
fined but evident to their parents and the subject 
of comment by casual observers. 


‘All the patients have siblings and, while they 


share with these siblings some family features, 
their own peculiarities of appearance are empha- 
sized when they are seen in a family group (fig. 
3). No other cases of congenital heart disease are 
known in the families. The parents were born in 
widely separated parts of the world, and there 
are no known family relationships. 

The mothers were well during the pregnancies. 
At birth the three girls weighed only 5 lb. (E.C.), 
4 lb. (P.W.), and 5 lb. (H.B.), and the boy (J.S.), 
although weighing 7 Ib. 4 oz. at birthNis said to 
have gained only 2 lb. in the first year.vExcept 
for H.B. they have remained below average weight 
for age. 











Figure 1 


Group photograph of four patients with supra- 
valvular stenosis. Back row, H.B. and J.S. Front 
row, P.W. and E.C. 


VNo patient gave a history of limitation by car- 
diac symptoms, and in none was a heart defect 
suspected before the discovery of a murmur during 
a routine examination. In each the physical find- 
ings were similar to those found in valvular or 
subvalvular stenosis. There was a thrusting left 
ventricular apex beat and, in the aortic area, a 
loud systolic ejection murmur that was conducted 
to the carotids. Neither the peripheral pulse nor 
the respiratory variation of splitting of the second 
heart sound was abnormal. In no case was there 
an early systolic click or an early diastolie murmur. 

The electrocardiograms (fig. 4) and the appear- 
ances in the chest roentgenograms were consistent 
with the presence of left ventricular hypertrophy. 
The ascending aorta was not prominent in any 
instance. 

Pressure gradients across the aortic valve were 
not obtained in one patient (E.C.) until operation 
for suspected valvular stenosis; in the other pa- 
tients gradients were recorded either by retrograde 
left ventricular catheterization via the right radial 
artery (J.S.), or by percutaneous left ventricular 
puncture (P.W., H.B.). In each case continuous 
pressure tracings during passage of the catheter 
between high aorta and low left ventricle showed 
a rise in systolic level a short distance above the 
aortic valve (fig. 5). The systolic gradients across 
the supravalvular stenosis were 100 (E.C.), 84 
(J.S.), 68 (P.W.), and 38 mm. Hg (H.B.). In 
one case (E.C.) there was also a systolic gradient 
of 66 mm. Hg across the subaortie region of the 
left ventricle. 

Angiocardiograms were taken in two patients 
(P.W., H.B.) at the time of left ventricular pune- 
ture (fig. 6). In each there was a localized narrow- 
ing of the lumen of the ascending aorta. Beyond 
this constriction the aorta returned to a normal 
caliber without developing a transitional “post- 
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Figure 2 
Profiles of P.W. (left) and E.C. (right). 


stenotic” dilatation. Large coronary arteries were 
displayed. The coronary ostia were at different 
levels, the right being the higher and lying close 
to the constriction. 

‘At operation on E. C. (December 10, 1959) the 
stenosis was found to lie immediately distal to 
the sinuses of Valsalva, and the right coronary 
artery was dilated and arose immediately below 
the site of constriction. The stenosis could be seen 
externally as a localized narrowing of the aorta, 
while internally the lumen was further reduced by 
a bulky ridge of tissue projecting circumferentially 
from the aortic wall. Adjacent to the right sinus 
this ridge lost its attachment to the aortic wall and 
stretched across the lumen to create a secondary 
slit-like orifice. The aortic valve was tricuspid, the 
leaflets were normal except for slight thickening 
at their line of attachment to the aortic wall, and 
no subvalvular membrane was seen. Beyond the 
stenosis the ascending aorta gradually widened over 
a distance of 2.5 em. to reach a normal diameter 
as it passed beyond the pericardial reflection. The 
lumen of the aorta was successfully enlarged by 
excising the subintimal ridge and inserting a pear- 
shaped Teflon patch into the aortic wall at the 
site of the constriction. The systolic pressure gra- 
dient between high and low ascending aorta was 
abolished. No attempt was made to correct the 
subvalvular obstruction, which it was thought 
might be due to muscular hypertrophy and might 
decline with the reduction in left ventricular pres- 
sure load. 

In J.S., also, the supravalvular stenosis has been 
suecessfully relieved by the insertion of a Teflon 
patch into the aortic wall at the site of constric- 
tion, which, as in the previous case, lay just above 
the origin of the dilated and tortuous right coro- 
nary artery. Although the aortic wall was thick- 
ened in the region of the constriction, the aortic 
lumen was not further reduced by a projecting 
ridge. 
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SUPRAVALVULAR AORTIC STENOSIS 


Discussion 

Whe clinical findings in our four cases were 
indistinguishable from valvular or subvalvu- 
lar stenosis and, as others have commented,! '* 
it may not be possible to differentiate these 
three conditions on clinical grounds alone. In 
our cases there was no dilatation of the as- 
cending aorta in the chest roentgenogram but, 
since the ascending aorta is not always prom- 
inent in valvular or subvalvular stenosis, this 
appearance is not diagnostic. The absence of 
aortic dilatation may, however, serve to dis- 
tinguish between supravalvular aortic steno- 
sis and supravalvular membrane, for in the 
sole reported case!® of this closely allied con- 
dition the ascending aorta was grossly dilated. 
In two cases of supravalvular stenosis asso- 
ciated aortic regurgitation was caused by 
tethering of the aortic cusps to the constric- 
tion ring.’:1* The presence of this complica- 
tion might suggest the correct diagnosis, since 
significant incompetence is unusual in con- 
genital aortic stenosis and is uncommon in 
subaortic stenosis when there is absence of 
dilatation of the ascending aorta. 

Mnitially all our cases were believed to have 
aortic or subaortic stenosis and the first of 
the series (E.C.) was submitted to operation 
with this diagnosis. When the true condition 
was disclosed, patients with similar abnor- 
malities of facial appearance believed to have 
aortic stenotic lesions were recalled for in- 
vestigation and all three proved to have supra- 
valvular aortic stenosis./The confirmation of 
the diagnosis in these circumstances suggests 
that supravalvular stenosis should be strong- 
ly suspected when mentally retarded patients 
with the facial features here described present 
the signs of a stenotic aortic lesion. In addi- 
tion to the other common features all our pa- 
tients had blue irises and their retinal vessels 
were unusually tortuous resembling those 
found in association with coarctation of the 
aortic isthmus (fig. 7). 

Other physical abnormalities are present in 
three patients. H.B. is the most severely af- 
fected. She has prognathism, a marked 
thoracic kyphoscoliosis, and poor muscular 
coordination. When younger, she required 
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Figure 3 
The unusual appearance of E.C. (top) and H.B. 
(bottom) is emphasized when they are seen with 
their siblings. 
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Figure 4 
Electrocardiograms and systolic pressure gradients between left ventricle and high 
ascending aorta. The precordial leads in E.C. and P.W. have been recorded with half 
standardization. 
















treatment for talipes, and she has recently 
undergone femoral herniorraphies. P.W. has 
retrognathism and both she and E.C. have 
ineurving of the little finger on each hand. 
Abnormalities of physical development have 
been reported in other cases> Two patients have 
been considered to show some of the features 
of Marfan’s syndrome. One of these, Denie 
and Verheugt’s! patient, was of short stature 
| but had long slender fingers and toes, prog- 

eas 5 nathism, and a thoracic kyphosis. There was 
Pressure tracing in J.S. showing that the systolic slight mucoid degeneration of the media of 
gradient marking the site of stenosis lies above tne aorta at the site of the constriction and 
the aortic valve. for a short distance along the coronary arter- 
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SUPRAVALVULAR AORTIC STENOSIS 


Figure 6 (Left) 


a 
ies. The other, reported by Burry,’ had long 
slender limbs, characteristic facies, high 
arched palate, and moderate kyphoscoliosis. 
Cystic medionecrosis of the aorta was not 
found at autopsy and features suggestive of 
Marfan’s disease could not be found in the 
patient’s relatives. 

Subvalvular aortic stenosis appears to be 
commonly associated with other lesions of the 
aorta. Some degree of hypoplasia of the aorta 
distal to the stenosis (patient J.S.) has been 
a frequent finding.’ 11,14 A difference in blood 
pressure in the arms suggesting stenosis of 
the left subclavian artery was found in our 
patient E.C. and also in one of the cases de- 
scribed by Morrow and associates.’* This lat- 
ter patient had constriction of the aortic 
isthmus and Monckeberg-Gieben’s patient?® 
had coarctation of the aorta. In another case 
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Figure 6 (Right) 


Angiocardiograms in P.W. (Left) and. H.B. 
(Right). In each case the supravalvular aortic 
stenosis (SVS) is clearly shown above. the aortic 
valve (AgV). 


operation on a patent ductus arteriosus led 
to the discovery of supravalvular stenosis.’ 
The aortic cusps have been tethered to the 
supravalvular stenosis in two cases,!1* but 
in all reported cases the aortic valve has been 
tricuspid. 

The degree of left ventricular hypertrophy, 
in the electrocardiograms of our patients cor- 
relates poorly with the systolic pressure gra- 
dient (fig. 4) but it is not known whether the 
cardiac indices were comparable when the 
gradients were recorded. In the patient J.S. 
the electrocardiographic abnormalities and 
the degree of cardiac enlargement in the chest 
roentgenogram seem more than what might 
reasonably be attributed to the measured left 
ventricular pressure load. This patient has a 
loud apical systolic murmur but neither the 
phonocardiogram nor the wedge pulmonary 








Figure 7 


Fundal photograph of J.S. showing tortuosity of 
the retinal vessels. 


artery pressure curve gave evidence of mitral 
incompetence so that the possibility of car- 
diomyopathy in addition to supravalvular 
aortic stenosis has been entertained. The left 
ventricular muscle in Denie and Verheugt’s' 
patient was said to have shown an advanced 
stage of fibrous myocarditis, while in Bur- 
ry’s'! case there were fibrosis of the endocar- 
dium and thinning of the myocardium toward 
the apex of the left ventricle, where the mus- 
cle fibers were atrophic and replaced by fi- 
brous tissue. These patients were thought to 
be formes frustes of Marfan’s syndrome, and 
diffuse fibrosis of the left ventricular muscle 
has been considered a likely contributory 
cause of cardiac failure in one instance of 
this condition.“° On the other hand, taken 
together with the suspicion of a myocardial 
abnormality in our patient J.S., these reports 
raise the question whether myocardial degen- 
eration may be another facet of a syndrome 
of supravalvular aortic stenosis in which the 
associated physical peculiarities are distinct 
from Marfan’s disease. 

The natural history of this uncommon con- 
dition is not known. In the patient H.B. serial 
electrocardiograms over 9 years show slowly 
progressive left ventricular hypertrophy. The 
earliest record of this patient, however, and 








WILLIAMS, BARRATT-BOYES, LOWE 


an electrocardiogram of patient P.W. at 5 
weeks (fig. 8), which was taken following the 
discovery of a cardiac murmur during a rou- 
tine neonatal examination, both showed evi- 
dence of only right ventricular hypertrophy. 
Right ventricular hypertrophy in infaney has 
been reported in some cases of coarctation of 
the aorta and has been attributed to the effect 
on the neonatal circulation of a ductus arte- 
riosus entering the aorta proximal rather than 
distal to the aortic constriction.“': 7° Since 
aortic stenosis also may appear in infancy 
with electrocardiographic evidence of right 
ventricular hypertrophy,”* it may be that con- 
ditions causing left ventricular systolic over- 
load alter the fetal circulation, possibly by an 
increase in resistance to end-diastolic left ven- 
tricular filling or by septal hypertrophy, so 
as to lead to right ventricular hypertrophy. 
\Growth has been retarded in all our cases 
and the 28-year-old man described by Denie 
and Verheugt! was only 159 em. tall and 
weighed 45.5 Kg. Limitation of exercise c¢a- 
pacity by shortness of breath has not been 
reported in childhood but undue fatigue on 
effort has been a common early complaint. 
Dizziness on effort had been experienced by 
the 10-year-old girl J.R.4VDenie and Ver- 
heugt’s' patient was severely limited by an- 
gina and palpitation at the age of 25 years 
and the electrocardiogram had shown a _ pro- 
gressive increase in left ventricular hyper- 
trophy over the previous 6 years. The clinical 
course of this patient, however, may well have 
been affected by the presence of aortic incom- 
petence and narrowing of the entry into the 
left sinus of Valsalva. \Another patient died 
of cardiac arrest at the age of 10 years on the 
morning of projected operation.“ Burry’s" 
report of a patient dying at 37 years in con- 
gestive heart failure is the only other instance 
of natural termination of the condition. 

In the supravalvular stenosis there is high 
pressure in the coronary arteries. It is pos- 
sible that obstruction at this level may be 
better tolerated than obstruction at or below 
the aortie valve. 
consumption”! and the tendency to left ven- 


Since myocardial oxygen 
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The electrocardiogram of P.W. at 5 weeks shows an upright T wave in V1, an appearance 
suggesting the presence of right ventricular hypertrophy.?? 


tricular muscular hypertrophy may be ex- 
pected to increase in direct proportion to the 
systolic pressure load, it appears reasonable 
to adopt criteria for surgical relief similar 
to those applied to the more common forms 
of aortic stenosis. \\At operation on our two 
patients with the higher systolic gradients 
(E.C., J.S.) the insertion of a Teflon patch 
into the aortic wall at the site of the constric- 
effectively 


stenosis as judged by abolition of the pressure 


tion relieved the supravalvular 


gradient. Although the long-term result of 
this type of operation is not yet known, it is 
encouraging that a year after operation the 
electrocardiogram in the patient with the 
longer follow-up shows changes suggesting a 
significant reduction in left 
hypertrophy. 


ventricular 


Summary 
‘Facial resemblance to a patient in whom 
supravalvular aortic stenosis was discovered 
and successfully relieved at operation has led 
to the correct diagnosis of supravalvular ste- 
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nosis in three other patients. ‘All four patients 
are mentally subnormal. The presence of 
supravalvular aortic stenosis in mentally re- 
tarded patients with the unusual facial fea- 
tures here detailed may constitute a syndrome 
that has not previously been described. 
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Cardiac Hypertrophy 

There are many cases of hypertrophy, and of great hypertrophy of the heart, in which 
during life arid after death no source of increased work can be discovered. The degree 
of enlargement found in many hearts in which there is a valve defect, such as aortic 
regurgitation or mitral stenosis, is sometimes out of all proportion to the apparent 
increase of burden. There is still much that remains to be explained; it is clear that 
there must be hidden sources of increased work, or the conclusion that increased work 
is the cause of hypertrophy needs revision—Sir THomas Lewis. Diseases of the Heart. 


New York, The MacMillan Company, 1933, p. 106. 
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Experiments in India on “Voluntary” Control 
of the Heart and Pulse 


By M. A. WENGER, PH.D., B. K. Baccui, P#.D., anp B. K. ANAND, M.D. 


ROMINENT among the many claims of 
unusual bodily control that emanate from 
practitioners of Yoga is the ability to stop 
the heart and radial pulse. Such claims often 
have been authenticated by physicians, and 
one ‘‘experiment’’ employed a loud-speaker 
system so that a large crowd could hear the 
heart sounds before and after their disappear- 
ance. To our knowledge, however, only one 
investigator had published  electrocardio- 
graphic results before the work now reported. 
In 1935 a French cardiologist, Dr. Thérése 
Brosse, took portable apparatus to India and 
obtained measurements from at least one per- 
son who claimed the ability to stop the heart. 
A published excerpt from her data* involving 
one electrocardiographic lead, a pneumogram, 
and a pulse wave recording from the radial 
artery, shows the heart potentials and pulse 
wave decreasing in magnitude approximately 
to zero, where they stayed for several seconds 
before they returned to their normal magni- 
tude. The data were held to support the claim 
that the heart was voluntarily controlled to a 
point of approximate cessation of contraction. 
During our investigations in India we 
searched for persons who claimed to stop the 
heart or pulse, and were cordially assisted by 
many individuals including the Indian press. 
We found four. Another claimed only to slow 





From the University of California, Los Angeles; 
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Arbor; and the All India Institute of Medical 
Sciences, New Delhi. 
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*8 The analysis of the data was 
supported, in part, by research grant M-788 from 
the Institute of Mental Health, National Tnstitutes 
of Health, U. S. Public Health Service. 


corded elsewhere. 
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the heart. Of the four, only three consented 
to serve as subjects, and one of these claimed 
he was too old to demonstrate heart stopping 
without a month or so of preparatory prac- 
tice. Since he was the subject studied by Dr. 
Brosse in 1935 we were particularly anxious 
to gain his cooperation and, after considerable 
persuasion, he consented to demonstrate for 
us the method he had employed in ‘‘stopping 
the heart’’ for Dr. Brosse. 


Apparatus and Procedures 

Our apparatus has been described elsewhere.1* 
Briefly, it consisted of an 8-channel Offner type-T 
portable electroencephalograph with appropriate 
detectors and bridges for DC recording of respira- 
tion, skin temperature, electrical skin conductance, 
and finger blood volume changes. Procedures va- 
ried according to the cooperativeness of the sub- 
ject and other circumstances. For that reason the 
results are reported for individual subjects. 

Results 

The first two subjects claimed they could 
stop the heart. No. 1. Shri Sal Gram, at Yoga- 
shram, New Delhi, made four attempts at one 
session. Only one electrocardiographie lead 
(III) and respiration were recorded, in what 
was planned as a preliminary experiment. The 
subject stood in a semi-crouched posture with 
the left side pressed against a table. Under 
retained deep inspiration considerable muscu- 
lar tension was apparent in neck, chest, abdo- 
men, and arms. Stethoscopically detected 
heart sounds either disappeared briefly or 
were obscured by sounds from muscle action. 
Palpable right radial pulse weakened or dis- 
appeared briefly at each attempt to stop the 
heart. Electrocardiographie records were re- 
plete with muscular artifacts but were read- 
able for rate and QRS potential changes. 
Little change occurred in magnitude of poten- 
tials; changes in heart rate were small. There 
was no indication of heart arrest. The subject 
refused further cooperation. 
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Figure 1 
One “heart stopping” attempt by Shri Ramananda Yogi. The channels and variables are 
(1) muscle potentials, right biceps; (2) muscle potentials, right abdominus rectus; (3) 
electrocardiographic lead I; (4) electrocardiographic lead II; (5) electrocardiographic 
lead III; (6) plethysmograph, left index finger; (7) respiration. Calibration was 100 
pv/em. for the electromyogram and 1 mv/cm. for the electrocardiogram. Chart speed 


was 1.25 em./sec. 


No. 2. Shri Ramananda Yogi, of Andhra, 
age 33, at All India Institute of Medical Sci- 
ences, New Delhi, made seven attempts on 2 
days, and additional experiments on a third 
day during fluoroscopy and x-ray photog- 
raphy,* all in a supine position. This work 
was initiated in the laboratory of the third 
author who became interested in the results 
and was asked to collaborate. His account of 
the second and third days of experimentation 
follows: 

I examined Shri Ramananda Yogi on Mareh 7, 
1957, during two experiments in which he claimed 
he could stop the heart and pulse. He was inves- 
tigated during these experiments electroencephalo- 
graphically and electrocardiographically by Drs. 
Wenger and Bagchi, who also recorded his finger 
blood volume, respiration, blood pressure, and 
museular activity. In the first experiment, Shri 
Ramananda Yogi stopped his respiration after tak- 
ing four deep breaths. The breath was held in in- 
spiration with closed glottis and the chest and 


*The radiologic investigations were conducted at 
Irwin Hospital with the assistance of Dr. N. G. 
Gadekar. The authors are grateful to him for his 
collaboration. 


abdominal muscles were strongly contracted. By 
this maneuver the pressure in the thorax was 
raised. During this period I could feel a very fee- 
ble pulse which had a normal rate in the beginning 
but became quick in the later part of the experi- 
ment. The heart sounds could not be heard but one 
could hear faint murmurish sounds due to the con- 
traction of the thoracic muscles. The neck veins 
became distended. The breath was held for 15 
seconds. This was immediately followed by quick- 
ening of the respiration, quick and deep pulse, and 
loud heart sounds. After a few seconds the heart 
rate returned to normal. The resting blood pres- 
sure had been 130/96 mm. Hg. Immediately fol- 
lowing the breath holding it was raised to 210/100. 

During the breath-holding period when the pulse 
was almost imperceptible and no heart sounds 
could be heard, the electrocardiograph continued 
to show contractions of the heart. The electrocar- 
diographie pattern showed a slight right axis de- 
viation which disappeared when respiration started 
again. 

In the next experiment, he repeated the same 
procedure but held the breath in expiration. All 
other maneuvers were the same. The pulse, al- 
though very feeble, could still be felt. No heart 
sounds could be heard. Venous congestion in the 
neck took place. The electrocardiograph showed 
that the heart contractions continued but this time 
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From demonstration by Shri Krishnamacharya of method used in “heart stopping.” 
Electrocardiographic leads I and IIT, and respiration, are shown in that order (a) at rest, 
and (b) during demonstration. Calibration was 1 mv./1.5 em. Chart speed was 2.5 em./sec. 


there was a slight left axis deviation. All other 
responses were similar to those in the first experi- 
ment. 

Next day Shri Ramananda Yogi had skiagrams 
of the chest taken before experimentation and 
during two experiments, again attempting to stop 
the heart and pulse, one holding the breath in in- 
spiration, and the other holding the breath in ex- 
piration. In both experiments one finds that the 
maximum transverse measurement of the heart 
decreases. Normally the maximum transverse meas- 
urement was 12 em. During the first experiment 
(inspiration) it was decreased to 11 em. During 
the second experiment (expiration) it was de- 
creased to 11.5 em. 

Figure 1 shows the first attempt of March 
7. During maintained inspiration the QRS 
potential is seen to decrease in lead I and to 
increase in lead III. (In the second attempt, 
during maintained expiration, the potentials 
increased in lead I and decreased in lead III.) 
The first two channels show muscle action po- 
tentials from the right biceps and the right 
abdominus rectus at the level of the umbilicus. 
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Marked increases are seen to have occurred 
in the abdominal recording only. The plethys- 
mographie recording shows that the finger 
pulse was always detectable, and that the 
pulse volume was greatly increased imme- 
diately after termination of the attempt. No 
unusual changes were detected in the electro- 
encephalographie records.* 

No. 3. Shri T. Krishnamacharya, of Madras, 
age 67, at Vivekananda College, Madras. This 
gentleman was the one who had ‘‘stopped his 
heart’’ for Dr. Brosse in 1935 but would not 
repeat the attempt for us. He finally con- 
sented to demonstrate the method he had 
employed, but with minimum apparatus 
attached: a blood pressure cuff, electrocardio- 
graphic leads I, II, and III, and a respiration 


*This subject had engaged in a number of pit- 
burial demonstrations but refused us cooperation in 
that respect. Recently, however, he has cooperated 
with the third author and Dr. Gulzar Singh in such 
work. The results are to be reported soon. 
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Table 1 
Variability in Heart Period in Last Phase of Heart Slowing Experiments of Subject 


no. 4 (HP in seconds) 


Experiment no. 


Date 

Initial range 
Last 10 
heart periods 


Just after 
maneuver 
Longest HP 


*Uddiyana alone 


belt ; none of which he would tolerate fastened 
tightly. He said his radial pulse might stop, 
but his heart wouldn’t. The method proved 
to be similar to that employed by Shri Rama- 
nanda Yogi during maintained inspiration. 
The muscular effort expended was less, but 
the periods of maintained inspiration were 
considerably longer. Again, the blood pres- 
sure increased, the maximum change being 
from 128/80 to 140/105. There were no defi- 
nite ‘‘attempt’’ periods for this subject. He 
merely permitted us to record data while he 
reclined and engaged in pranayama (breath 
control) as he pleased. On three attempts to 
measure blood pressure no sounds could be 
heard from the brachial artery. On another 
day with the subject seated, a physician was 
permitted to palpate both radial arteries and 
listen to heart sounds stethoscopically.+ He 
reported no absence of heart sounds but at 
one time the radial pulse was not detectable 
in either wrist. 

We believe the most significant data from 
these experiments are the changes in QRS 
potentials in leads I and III (fig. 2). As we 
previously had found with Shri Ramananda 


tThe authors are indebted to Dr. S. T. Narasimhan 
of Madras for his assistance in this experiment 
and for his genial aid in our work. 
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Yogi, during maintained inspiration with 
glottis closed and with increased tension in 
abdominal muscles, the heart potentials de- 
creased in lead I but increased in lead III. 
Again, right axis deviation of the heart is 
indicated. 

No. 4. Shri N. R. Upadhyaya, age 37, at 
Kaivalyadhama, Lonavla. This gentleman did 
not claim to stop the heart. He claimed only 
to slow it. He was a student of Yoga with 
more than 5 years of training, and had dis- 
covered accidentally that he could slow his 
heart. The maneuver occurred in the reclining 
position and during maintained inspiration. 
Just before the attempt a rolled towel was 
inserted under the lumbar area of the spine 
which gave a support 4 or 5 inches in height. 
After inspiration the subject engaged in the 
Yogic posture known as uddiyana, which in- 
volves a raising of the diaphragm and an in- 
ward distention of the abdomen, and accom- 
panied it with another posture known as 
jalandabar bandha, in which the chin is de- 
pressed and extended toward the chest. 

We tested him on 3 days, and on the first 
2 days applied electrocardiographic chest 
leads Ve and V; in addition to standard leads 
I, II, and III. There were only small changes 
in the magnitude of the QRS potential in any 
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Figure 3 
One attempt by Shri Upadhyaya to slow the heart. Sequential portions of the recording 
of electrocardiographic leads I and III are shown. Calibration was 1 mv/cm. Chart speed 
was 1.25 em./sec. The P wave disappeared (x) and was absent for 16 heart cycles. The 


longest cycle length (Y) was almost 3 seconds. 


lead. There was, however, a marked slowing 
of the heart in each test. In addition to brady- 
cardia we found an increase in the P-R inter- 
val and finally a marked decrease or disap- 
pearance of the P wave. Thus a nodal rhythm 
appeared for a few beats before the subject 
terminated the maneuver. Figure 3 demon- 
strates the longest P-wave depression we ob- 
tained. The longest cycle length was approxi- 
mately 3 seconds. 

Our attempts to discover the mechanisms 
contributing to these results were not fruitful. 
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Pressure on the carotid sinuses produced an 
increase rather than a decrease in heart rate. 
The chin lock alone (jalandabar bandha) pro- 
duced little or no change. Uddiyana alone 
produced some bradycardia and one cycle of 
almost 2 seconds’ duration, as may be seen in 
the third column of table 1. The other columns 
of the table show (a) the durations of the 
last 10 cycle lengths in the six main experi- 
ments, (b) the premaneuver range, (c) the 
first postmaneuver heart period, and (c) the 
longest recorded heart period. The period-to- 
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Figure 4 
Summary of experiments on control of the heart. Each entry for heart period (HP) 
and finger pulse volume (PV) represents pooled means for samples of 10 heart cycies 


from each phase of each experiment. Different phases of the experiments are indicated 
as follows: 1. Initial rest. 2. After instructions. 3. Fastest HR and lowest PV during 
maneuver, 4, slowest HR and highest PV during and just after maneuver. 5, 50 HP after 


sample no. 4. 6. 100 HP after sample no. 4. 


period variability is apparent. Of additional 
interest is the observation that only on the 


last day of experimentation was the maneuver 
maintained for 10 or more heart cycles beyond 
the greatest bradycardia. Apparently experi- 
ence or amount of attached apparatus, or 
both, influence the effects of this maneuver. 
This subject is still available for research. 
Subsequent work by Indian investigators sup- 
ports the above observation in that a heart 
period of 5.6 seconds has now been recorded.° 
Perhaps they will discover the mechanisms 
underlying the effect. 


Discussion 

It is obvious that the subjects we tested do 
not voluntarily control the heart muscle di- 
rectly. In each instance some striated muscle 
action intervenes. Through muscular and 
respiratory control certain changes do occur 
in circulatory variables. Figure 4 shows 
changes in heart period and (for some sub- 
jects) finger pulse volume for the Indian 


subjects and for one American (Dr. Cullen) * 
who attempted to repeat the Valsalva experi- 
ment. Decreased heart rate was greatest in 
the subject who claimed only to slow the 
heart. The greatest changes in finger pulse 
volume occurred in Shri Ramananda, who ex- 
erted utmost effort to demonstrate ‘‘heart 
stopping.’’ Dr. Cullen employed less effort, 
although his pattern for heart period is not 
greatly different from that of Shri Rama- 
nanda. 

For the first three subjects we assume that 
by increased tension in the muscles of the 
abdomen and thorax, and with closure of the 
glottis, there is developed an increased intra- 
thoracic pressure that interferes with the 
venous return to the heart. With little blood 
to pump the heart, sounds are diminished, as 


*The authors are indebted to Dr. Thomas Cullen, 
University of California, Los Angeles, for his par- 
ticipation in this experiment and for his assistance 
in analyzing the data. 
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well as being masked by muscular sounds, and 
the palpable radial pulse seems to disappear. 
High amplification finger plethysmography 
continues to show pulse waves, however; and 
the electrocardiograph shows that the heart 
goes on contracting. The electrocardiograph 
also shows right axis deviation under deep 
inspiration. The QRS potentials in lead I are 
markedly decreased. It seems, therefore, that 
Dr. Brosse’s record of ‘‘heart control’’ is to 
be so explained. She recorded lead I only 
from Shri Krishnamacharya. Had she re- 
corded lead III, or had she recalled the results 
of the Valsalva maneuver, she probably would 
not have claimed that her subject voluntarily 
controlled his heart. 

It is of interest to know that our conclusions 
have had a forerunner in India. After com- 
pletion of our work we discovered a mono- 
graph published in 1927 by Dr. V. G. Rele 
of Bombay.® Although he published no data, 
he writes of electrocardiographie records and 
X-rays on one subject, and reached conclusions 
similar to ours, although he extended them 
more than we care to do. 

Our fourth subject demonstrated a different 
phenomenon that further research may ex- 
plain. It could be said that he ‘‘stopped the 
heart’’ for a few seconds. We prefer to assume 
that by some striated muscular mechanism he 
stimulated the vagus output to the sinoatrial 
node, interrupted it, and thus interrupted 
regular cardiac cycles and a nodal rhythm 
was briefly established. 

In this connection a recent publication in 
California is of interest.7 A patient com- 
plained of heart slowing when he relaxed. 
Published electrocardiograms show a period of 
standstill of approximately 5 seconds followed 
by a QRS potential with no P component. 
The report, supplemented by private corre- 
spondence, indicates that there were no 
changes in QRS magnitude but that the P 
wave at the end of the periods of bradycardia 
was reduced or absent. Contrary to our Indian 
subject, he apparently employed no interven- 
ing muscular or respiratory mechanism. He 
merely relaxed. His data call to mind other 
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examples of voluntary control over suppos- 
edly involuntary musculature, such as one 
reported by Lindsley and Sassman® with pilo- 
motor control, and one? with sudomotor con- 
trol. Such examples probably are to be ex- 


plained in terms of accidental conditioning. 


Summary and Conclusions 

Among other studies in India the authors 
investigated four practitioners of Yoga in re- 
spect to control of the heart and pulse. Two 
claimed to stop the heart. One formerly made 
this claim but only demonstrated his method. 
The fourth claimed only to slow the heart. 

The method for the first three was similar, 
involving retention of breath and considerable 
muscular tension in the abdomen and thorax, 
with closed glottis. It was concluded that 
venous return to the heart was retarded but 
that the heart was not stopped, although heart 
and radial pulse sounds weakened or disap- 
peared. 

The fourth subject, with different interven- 
ing mechanisms also presumably under stri- 
ated muscle control, did markedly slow his 
heart. The data indicate strong increase in 
vagal tone of unknown origin. 
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The Effects of Angiotensin on Pulmonary Circulation 
and Ventricular Function 


By Paut N. Yu, M.D., Minton N, Luria, M.D., James K. Frnuayson, M.B., 
C, ALPHEUS STANFIELD, M.D., HERBERT CONSTANTINE, M.D., 
AND F. JoserpH Fuatuey, M.D. 


LTHOUGH the discovery of angiotensin 
ects or hypertensin) was reported 
independently in 1939 by Page and Helmer! 
in this country and by Braun-Menendez and 
co-workers? in Argentina, its structure was 
not described until 1956 and its active prin- 
ciple not synthesized until 1957. Angiotensin 
is known to exist in at least two forms, angio- 
tensin I and angiotensin II. While the 
decapeptide angiotensin I does not have vaso- 
constrictor properties, the octapeptide, angio- 
tensin II, formed by action of the converting 
enzyme on angiotensin I, is an extremely 
powerful vasoconstricting agent.*: 4 

Circulatory effects of synthetic angiotensin 
in animals have been extensively studied by 
Page and his associates and other investiga- 
tors.°-* Many workers have reported the 
hemodynamic effects of various angiotensin 
preparations in normotensive subjects.*-™ 
However, there has been scanty information 
in the literature regarding the effects of angio- 
tensin on pulmonary circulation and ventricu- 
lar function in man. It is the purpose of this 
paper to report these effects of angiotensin IT 
in 16 normotensive patients. Data of hemo- 
dynamic studies in eight anesthetized dogs 
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were also included for delineation of some of 
the findings in human studies.* 


Clinical Material and Method 
Human Studies 


Sixteen patients with normal systemic and pui- 
monary artery pressures were studied. There were 
11 males and five females whose ages ranged 
from 17 to 60 years. None of these patients had 
clinical or physiologic evidence of aortic stenosis, 
mitral valvular disease, or intracardiac shunts. 

Right heart catheterization was performed in 
the usual manner. The methods of determining the 
cardiac output and recording blood pressures have 
been previously reported in detail,!®© and _ the 
technic of inscribing indicator-dilution curves and 
measuring the total and “central” blood volumes 
has also been described elsewhere.'* The cardiac 
output determined by the dilution curves was used 
for the calculation of “central” blood volume. The 
indicators (iodinated I'*! human serum albumin 
or Indocyanine Green, or both) were injected 
into the main pulmonary artery and the dilution 
curves recorded from the femoral artery. The 
pressures were measured by Statham transducers 
and carrier amplifier connected to a Sanborn Poly- 
viso Cardiette, and the mean pressures were ob- 
tained by electrical integration. 

The formulas used to derive resistances and ven- 
tricular work against pressures were modified from 
the paper by Gorlin and Gorlin.’* Mean pulmo- 
nary wedge (considered as left ventricular end- 
diastolic) and right ventricular end-diastolic pres- 
sures were used respectively in the calculation 
of left and right ventricular work against pres- 
sure. The cardiac output determined by the Fick 
procedure was used for the calculation of vascular 
resistance and ventricular work against pressure. 
In patients with aortic insufficiency the calculated 
left ventricular work against pressure would be 
less than the actual value. 

When the patient’s condition was stable, pres- 





*Since we completed our studies, Page and Bumpus 


have published an excellent review on angiotensin.” 
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sures were recorded from the right atrium and 
right ventricle. Subsequently, measurements of 
cardiac output (both by the Fick procedure and 
indicator-dilution curves) and of femoral arterial, 
pulmonary arterial, and pulmonary wedge pres- 
sures were made. 

Angiotensin* diluted in 5 per cent dextrose 
in water was injected through an antecubital 
vein at the rate of 0.015 to 0.135 microgram per 
kilogram of body weight per minute, depending 
upon the rise of the systemic blood pressure, which 
was monitored continuously by direct intra-arterial 
recording. During infusion one or more cardiac 
output determinations were made, followed im- 
mediately by recording femoral arterial, pulmonary 
arterial, and pulmonary wedge pressures, and 
sometimes by measurement of right ventricular 
and right atrial pressures. 


Animal Studies 


Eight adult mongrel dogs were kept lightly 
anesthetized by separate small injections of intra- 
venous thiopental. With chest open and intermit- 
tent positive pressure respiration, a cardiac cathe- 
ter was introduced into each of the following 
sites: (a) right atrium or right ventricle, (b) main 
pulmonary artery, (c) pulmonary wedge position, 
(d) pulmonary veins, and (e) left atrium. Follow- 
ing the insertion of various catheters, which were 
securely anchored with stay sutures, the chest 
was tightly closed and spontaneous respiration 
started. 

A polyethylene tube was then introduced into 
the abdominal aorta via a femoral artery for 
arterial blood sampling and pressure recording. 
The position of the cardiac catheters was fre- 
quently checked by: pressure recordings. 

Cardiac output in the dogs was determined by 
indicator-dilution curves by use of the dye Indo- 
eyanine Green. After each determination of the 
cardiac output, the blood drawn in a syringe 
mounted on the Colson Constant-Flow System was 
reinfused into the dogs, so that the blood loss was 
kept minimal. 

Intracardiae and intravascular pressures were 
measured in the same manner as that described in 
human studies. In most instances, pulmonary 
arterial and right ventricular pressures were re- 
corded alternately on the same channel. The form- 
ula for ealeulating left ventricular stroke work 
was similar to that employed in human studies 
except that the left atrial mean pressure was sub- 
stituted for the left ventricular diastolic pressure. 

In a series of five dogs, following contro] 





*Hypertensin II (CIBA), Courtesy of Dr. William 
E. Wagner, CIBA Pharmaceutical Products, Ine., 
Summit, New Jersey. 
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Figure 1 


The left panel shows changes in the mean transit 


time from the pulmonary artery to the femoral 
artery, and the right panel shows the changes in 
the circulation time as represented by the interval 
between the peak of primary circulation and that 
of recirculation of indicator-dilution curves in 
a series of normotensive patients. Note that there 
was more striking prolongation of the circulation 
time than of the mean transit time. Thus, the 
slower circulation occurred mainly in the systemic 
circuit and not in the pulmonary circuit and left 
heart. 


studies, a rapid infusion of heparinized blood was 
given through a cardiac catheter into the right 
side of the heart by means of a reservoir. Similar 
to the experimental studies designed by Sarnoff 
and Berglund,!® the amount of blood infused 
and the pressures in both atria could be varied 
over wide ranges by changing height of the reser- 
voir. The initial amount of blood infused was about 
15 ml./Kg. and increased to approximately 60 
ml./Kg. in different stages. Studies were repeated 
within 5 minutes of the completion of each infu- 
sion. After the effects of rapid infusion of kaown 
volume of blood had been studied, a “phlebotomy” 
to remove rapidly slightly less than the total vol- 
ume of blood infused was accomplished by simply 
lowering the reservoir. When the circulatory state 
had stabilized, pressure and flow measurements 
were again made and the figures used as the second 
control values. Subsequently, angiotensin (1 to 2 

g./Kg./min.) was infused into an external jugu- 
lar vein. During the administration of angiotensin 
solution, rapid blood infusion was again given in 
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Table 1 


Average 
during 
control 
period 
(A) 


d 


No. of 
subjects 


Parameters 


Fick procedure 
Vo (ml./M.2/min.) 
2 


Cao —C¥o (ml./L.) 
2 3 


CI (L./M2/min.) 
HR (beats/min. ) 

SI 
Indicator-dilution curve 
CI (L./M.?/min.) 

Tr (sec.) 

Tr (sec.) 
““CBV’’ (ml./M.’) 
TBV (ml./M.?) 


16 
16 


15 
16 
15 


138.5 
38.9 


3.80 
85 
45 


1 


16 
16 
16 
16 
12 


3.80 
13.2 
18.3 

789 
2800 


Effects of Angiotensin on Rate of Blood Flow and Blood Volume 


Average 


uring 


(B) 


47.8 
49.5 


3.26 
76 


angiotensin 
infusion 


Average difference 
(B-A) + SE 


p Value 


9.3 
10.6 


—0.54 
—9 
1 


It 


3.3 
4.4 


0.24 
4.7 
2.8 


< 0.01 
< 0.05 


NS 
NS 
NS 


I+ 


It I+ I+ 


—.40 
2.1 
6.7 

12 


5 


0.24 

0.74 

0.83 
10.1 
27.8 


NS 
0.01 < p < 0.02 
< 0.01 


I+ I+ I+ I+ 


NS 





Voz, oxygen consumption; Cao, — C¥o,, arteriovenous difference; CI, cardiac index; HR, heart rate; SI, stroke 
index; Ts, mean transit time from pulmonary artery to femoral artery; Tr, circulation time from femoral 
artery to femoral artery; ‘‘CBV’’, ‘‘central’’ blood volume or dilution volume from pulmonary artery to fem- 
oral artery; TBV, total blood volume; SE, standard error of mean; p indicates the probability that difference 
as large as that observed will occur by chance—a difference with a chance probability of 0.05 or less is con- 


sidered to be significant; NS, not significant. 


the same manner as previously described. Deter- 
mination of cardiac output and measurements of 
pressures carried out repeatedly during 
angiotensin infusion with or without rapid blood 
infusion. Table 3 shows the values of various 
parameters in a given dog by averaging two or 
more determinations obtained during a certain 
circulatory state, (i.e., blood angiotensin 
infusion). 

In another three dogs pressure and flow meas- 
urements were first made during a control period 
as well as during angiotensin infusion, with graded 
doses ranging from 0.1 pg./Kg./min. to 5 pg. 
Kg./min. In two of these dogs, after angiotensin 
infusion was discontinued, single or multiple doses 
of hexamethonium (5 to 10 mg.) were given intra- 
venously to lower the systemic arterial pressure. 
When the systolic pressure reached a level slightly 
less than 50 mm. Hg the angiotensin infusion 
was recommenced. In each case systemic and pul- 
monary arterial pressures were again recorded. 


were 


or 


Results 
Human Studies 


The results are summarized in tables 1 and 
9 


During angiotensin infusion there were 
statistically significant increases in femoral 
- arterial, pulmonary wedge, and pulmonary 


arterial pressures. No statistically significant 
change was observed in cardiac output, heart 
rate, and stroke volume. For the whole group, 
there was a parallel increase in oxygen con- 
sumption and in the arteriovenous oxygen 
difference. However, significant increase in 
oxygen consumption, i.e., more than 13 per 
cent of the control value, was noted in only 
six patients. The cause of this increase was 
not apparent. 

Total systemic, total pulmonary, and pul- 
monary vascular resistances and the left ven- 
tricular work against pressure were all sta- 
tistically increased. In most cases, however, 
the magnitude of increase in the pulmonary 
vascular resistance was small. 


In seven patients in whom right ventricular 
pressure was measured, there was a consistent 
rise in both systolic and diastolic pressures 
directly proportional to the magnitude of ele- 


vation of pulmonary artery pressure. In six 
of these seven patients the right ventricular 
work against pressure was also increased. 
In most instances there was a slight prolon- 
gation in the mean transit time from the pul- 
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Figure 2 
Femoral arterial pressure tracings recorded during the control period (upper half) and 
during angiotensin infusion (lower half) in three patients. Note the prolongation of the 
upstroke time and the appearance of an anacrotic notch. 


monary artery to the femoral artery, although 
the total and ‘‘central’’ blood volumes and 
arterial oxygen saturation usually remained 
unchanged. In all but one case there was a 
prolongation in the circulation time as meas- 
ured by intervals between the peak of primary 
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circulation and that of recirculation of indica- 
tor-dilution curves (fig. 1). 

The increase in the femoral arterial, pulmo- 
nary wedge, and pulmonary arterial pressures 
usually occurred within 2 minutes of the start 
of intravenous injection of angiotensin and 








LVsw (Gm.M/M*/beat) 


S 





lO 


@ CONTROL 
O DURING ANGIOTENSIN 





> oe 


LVp (mmH g) 


Figure 3 
During angiotensin infusion a positive correlation was observed between the increment 
in the left ventricular work against pressure and that in the left ventricular diastolic 
pressure (as represented by the mean pulmonary wedge pressure) in all but two patients 


(E. H. and G. P). 


reached its maximum within 5 minutes of in- 
fusion. 

During angiotensin infusion in nine of the 
16 patients there was a significant increase in 
the upstroke time of the femoral arterial pres- 
sure tracing associated with the presence of 
an anacroti¢ notch close to the top (fig. 2). In 


the remaining seven patients no such change 
in the contour of femoral arterial pressure 
tracings was observed. There was no alteration 
in the pressure distribution through the car- 
diae cycle. 

In some cases a graded increase in the dose 
of angiotensin produced further elevation of 
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Table 2 


Effects of Angiotensin on Systemic and Pulmonary Blood Pressures and Resistances and 
Ventricular Work 











Average Average 
during during 
control angiotensin 
No. of period infusion Average difference 
Parameters subjects (A) (B) (B-A) + SE p Value 
Blood pressures (mm. Hg) 
FA 
S/D 16 123/67 166/92 —_— — 
Mean 16 87 119 323 = 46 < 0.001 
RV 7 23/4 36/8 —_— — 
PA 
8/D 16 22/8 33/13 -- — 
Mean 16 12 20 fe ca < 0.001 
PC’ 'm 16 7 13 6° AZ < 0.01 
Resistances (dynes-sec/em.°) 
TSR 15 1155 1916 761 + 154 < 0.001 
TPR 15 161 312 151 + 22 < 0.001 
PVR 15 73 127 54 + 14.6 < 0.01 
Stroke work against pressure 
(Gm.M/beat/M.?) 
LV 15 56 76 20 + 5.3 < 0.001 
RV 7 8 15 _- _- 








FA, femoral artery; S/D, systolic/diastolic; RV, right ventricle; PA, pulmonary artery; 
**PC’’,, pulmonary wedge; TSR, total systemic; TPR, total pulmonary; PVR, pulmonary 


vascular; LV, left ventricle. 


the femoral arterial and pulmonary wedge 
pressures, but relatively small increment in 
the pulmonary arterial and right ventricular 
pressures. With a carefully regulated infusion 
the elevated systemic arterial pressure could 
be satisfactorily maintained over a period of 
an hour or more. Following cessation of angio- 
tensin infusion, both the femoral arterial and 
pulmonary arterial pressures returned to con- 
trol values within 2 or 3 minutes. 

Figures 3 and 4 show a positive correlation 
between the increment in the stroke work 
against pressure and that in the diastolic pres- 
sure of the respective ventricle. In half of the 
eases the pulmonary wedge pressure rose 
above 12 mm. Hg and in three cases to 20 mm. 
Hg or higher during infusion of angiotensin, 
yet there was still an increase in the stroke 
work against pressure in each case. The change 
in the right ventricular work against pressure 
in a smaller number of cases also showed the 
same trend, even when the right ventricular 
diastolic pressure rose to 10 mm. Hg or 
greater. 
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In six of seven patients during angiotensin infu- 
sion a positive correlation also was observed be- 
tween the right ventricular work against pressure 
and the right ventricular end-diastolic pressure. 


Animal Studies 


The results are summarized in table 3. Con- 
tinuous recording of the pressures showed that 
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Figure 5 
Simultaneous recordings of femoral arterial (FA), 
right ventricular (RV), left atrial (LA), pulmo- 
nary wedge (“PC”), and pulmonary venous (PV) 
pressures, and electrocardiogram (ECG) in a dog 
before and during angiotensin infusion. For about 
20 seconds during the control periods the systolic 
and diastolic pressures were recorded. Subsequent- 
ly, FA, LA, “PC”, and PV mean pressures were 
obtained by electrical integration. Note a rise in 
all the pressures within 1 minute of the start of 
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within 1 minute after the angiotensin infusion 
was started there was a uniform rise in pres- 
sures in the systemic circuit, pulmonary cir- 
cuit, and all four cardiac chambers. In the 
next minute there was usually a rise in the 
left ventricular diastolic (represented by 
mean left atrial, pulmonary venous, and pul- 
monary wedge) and right ventricular diastolic 
pressures (fig. 5). The magnitude of the ele- 
vation in the left ventricular diastolic pressure 
was variable in different animals. Subsequent- 
ly, the systemic arterial pressure rose steadily 
to a plateau, whereas a sustained and moder- 
ate rise in both left and right ventricular di- 
astolic pressures was observed. 

The inerease in the systemic arterial pres- 
sure could be satisfactorily maintained as long 
as the constant infusion of angiotensin was 
continued. The optimal dose of angiotensin was 
found to be approximately 1 yg./Kg./min., 
which was 8 to 60 times the dose given to pa- 
tients. Further increase of the dose (2 to 5 
ug./Kg./min.) did not appreciably augment 
the systemic arterial pressure or left ventric- 
ular stroke work, although there was usually a 
further rise in left atrial and pulmonary arte- 
rial pressures. 

Within 1 or 2 minutes following the cessa- 
tion of angiotensin infusion all the pressures 
returned to control level, and in some instances 
the systemic arterial pressure was even lower 
than the control value. It was possible, how- 
ever, to increase the systemic arterial pressure 
again if angiotensin infusion was resumed. 

In two dogs severe systemic hypotension 
(i.e., femoral arterial systolic pressure less 
than 50 mm. Hg) produced by single or mul- 
tiple intravenous injections of hexamethonium 
was satisfactorily counteracted by angiotensin 
infusion, although the magnitude of rise in 
systemic arterial pressure was not as high as 





angiotensin infusion (1 jpg./Kg./min.). During 
the second minute there was a maximal rise in 
LA, PV, and “PC” and RV diastolic pressures. 
Subsequently, the FA pressure rose steadily to a 
plateau while there was a sustained and moderate 
rise in both left and right ventricular diastolic 
pressures. 
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that observed with infusion of angiotensin 
alone (fig. 6). 

As shown in table 3, rapid blood infusion 
caused an increase in cardiae output, stroke 
volume, left atrial and pulmonary arterial 
pressures, and left ventricular stroke work. 
The average pressure gradient from the pul- 
monary artery to the left atrium was widened. 
There was a slowing in heart rate but no ap- 
preciable change in the systemic arterial pres- 
sure. In contrast, angiotension infusion pro- 
duced an increase in systemic arterial pressure 
and left ventricular stroke work, but no 
change in cardiac output, stroke volume, and 
heart rate. A slight increase in both left atrial 
and pulmonary arterial pressures was_ ob- 
served, but compared with the control value 
there was no appreciable change in the average 
pressure gradient from the pulmonary artery 
to the left atrium. 

When both blood and angiotensin were in- 
fused simultaneously, the effects were addi- 
tive, manifested particularly by the increase 
in left ventricular stroke work and left atrial 
and pulmonary arterial pressures. Representa- 
tive left and right ventricular function curves 
during blood infusion with or without angio- 
tensin are depicted in figure 7. 


Discussion 

Angiotensin infused intravenously to both 
men and dogs is a very powerful pressor agent. 
It produces a prompt increase in total sys- 
temic resistance and systemic arterial pres- 
sure, most likely as a result of systemic arte- 
riolar constriction. 

During angiotensin infusion the consistent 
rise in the pulmonary wedge or left atrial 
pressure reflects a rise in the left ventricular 
diastolic or filling pressure. The increased left 
ventricular fillmg pressure accompanied by 
the alteration of systemic arterial pressure 
tracing, which was characterized by a pro- 
longed upstroke time and the presence of an 
anacrotie notch, strongly suggests an increase 
in the ‘‘left ventricular’’ resistance. Such 
changes are frequently observed in patients 
with aortic stenosis. 

It should be pointed out that in human 
studies, although there was a direct relation- 
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Figure 6 

Femoral arterial pressure recorded in a dog during 
control periods (A, D, and F'), with angiotensin 
infusion (B, E, H, and J), and following hexa- 
methonium injections (G and I). The pressure at 
(C) was recorded during the time when angiotensin 
infusion was temporarily discontinued. Note the 
precipitous fall of the pressure after two hexame- 
thonium injections (5 mg. on each occasion) which 
were followed by a moderate rise in pressure with 
angiotensin infusion. 


ship between the increment in the respective 
ventricular stroke work and diastolic pressure, 
the data did not truly represent ventricular 
function curves either during the control pe- 
riod or during the period of angiotensin infu- 
sion. At best, they demonstrated that during 
angiotensin infusion there was an increase in 
the ventricular work at a higher level of filling 
pressure. We were able to obtain ventricular 
function curves in dogs, however, during both 
the control period and the period of angioten- 
sin infusion by varying the left and right ven- 
tricular filling pressures. It was shown that 
the ventricular function curve during angio- 
tensin infusion was shifted to the left and 
above that during the control period. In other 
words, more external work was performed at 
any given filling pressure during angiotensin 
infusion than during the control period. Thus 
angiotensin indeed caused an increase in the 
myocardial contractility as well as in the ven- 
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tricular function.’® It is reasonable to assume 
that similar results probably would have been 
obtained in man if ventricular function curves 
could be obtained during these two circulatory 
states. Nevertheless, the bulk of evidence 


M 


(Gm.M./beat) _ 
R 


Left ventricular 
stroke work 


would indicate that during angiotensin infu- 


sion, despite an increase in total systemic re- 
sistance and probably in ‘‘left ventricular’’ 
resistance, there was no compromise in ven- 
tricular function. In this regard, it is of spe- 
cial interest to comment on the pioneer stud- 
ies of natural angiotensin in normal subjects 
made by Wilkins and Dunean in 1941.5 They 
found that natural angiotensin produced 
arterial hypertension which was accompanied 
by an inerease in venous pressure and, fre- 
quently, by a decrease in cardiac output and 
vital capacity and an increase in heart size 
and circulation time. They contributed these 
changes as probable signs of ‘‘myocardial 
failure.’’ However, Bradley and Parker® 
studied the effects of similar preparation in 
man almost at the same time and did not find 
signs of ‘‘myocardial failure.’’ Page and 
Bumpus’ suspected that the presence of an 
impurity might have been responsible for part 
of Wilkins and Duncans’ observation. 

At that time there was no means to measure 
the pulmonary arterial and intracardiac pres- 
sures; therefore, it was not possible to corre- 
late the increment in venous pressure with 
that in right ventricular stroke work. In the 
present study, a parallel increase in both right 
ventricular diastolic pressure and stroke work 
was observed in six of seven patients in whom 
the right ventricular and pulmonary arterial 
pressures were measured. One would antici- 
pate similar findings in the study made by 
Wilkins and Dunean, should such measure- 
ments be available. 

In animal experiments, when larger doses 
of angiotensin (more than 1 »g./Kg./min.) 
were given, there was a further rise in the 
left atrial pressure, with no appreciable 
change in the left ventricular stroke work. 
This may imply that in animals angiotensin 
given in smaller doses had its predominant 
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Figure 7 


Left and right ventricular function curves during blood infusion with or without angio- 
tensin after step-wise elevation of the reservoir. The respective ventricular stroke work 
was plotted against atrial mean pressure during each circulatory state. With angiotensin 
administration the ventricular function curves were shifted above and to the left of 
those without angiotensin. These changes indicated that more external work was per- 
formed at any given filling pressure with angiotensin infusion than without. 


doses its action on the systemic arterioles be- 
came more manifest. These findings were quite 
similar to the results of the studies on Ara- 
mine reported by Sarnoff and co-workers.”° 

In most human subjects, and in all dogs, 
the increase in pulmonary arterial pressure 
appeared to be passive and secondary to the 
rise in left ventricular diastolic pressure, 
since there was little or inconsistent change 
in the pulmonary artery to left atrial (pul- 
monary wedge) pressure gradient. Similar 
observations were reported by Nelson and as- 
sociates,!* and by Sancetta,’* when other 
preparations of angiotensin were used. The 
possibility of constriction of pulmonary veins 
probably can be ruled out, inasmuch as in 
dogs the changes in pulmonary wedge and left 
atrial pressures were identical. 

Since the ‘‘central’’ blood volume in the 
patients of this series did not change signifi- 
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cantly, the increase in pulmonary vascular 
pressures was probably not related to redis- 
tribution of blood volume from the peripheral 
to the pulmonary circulation. 

Our unpublished observation?! showed that 
in most patients with mitral valvular lesion 
angiotensin produced a consistent increase in 
both left atrial and pulmonary arterial pres- 
sures accompanied by a decrease in the true 
pulmonary blood volume. These findings 
strongly suggest that active vasoconstriction 
of the pulmonary vascular bed may occur in 
patients with mitral valvular disease. No com- 
parable data were obtained in patients in- 
cluded in this series. 

The prolongation of the total circulation 
time from femoral artery to femoral artery 
was more striking than that of the mean 
transit time from the pulmonary artery to 
the femoral artery. This difference strongly 
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suggests that slower circulation did occur in 
the systemic circuit probably as a result of 
acute systemic vasoconstriction and hyper- 
tension, 

It would appear that in man the optimal 
dose of angiotensin infused intravenously is 
about 0.05 to 0.10 ng./Kg./min. Larger doses 
may cause severe headache and general dis- 
comfort, which were present in two of our 
patients. We have not observed some of the 
unpleasant manifestations, such as chilly sen- 
sation, piloerection, and difficulty in urina- 
tion, frequently encountered during methoxa- 
mine (Vasoxyl) infusion. Furthermore, it 
also has the advantage over methoxamine in 
that the hypertensive effects can be repeat- 
edly induced and terminated within a matter 
of several minutes. 

As shown by other workers, angiotensin has 
been used effectively in the treatment of hypo- 
tension and shock in various disease states. 
It was found to be six to 10 times as potent 
as norepinephrine.'* Furthermore, from our 
animal studies it is apparent that marked 
hypotension induced by the administration of 
a ganglion-blocking agent (i.e., hexametho- 
nium) ean be promptly counteracted by 
intravenous infusion of angiotensin. There- 
fore, there is a potential use of this vasopres- 
sor agent in the practice of anesthesiology, 
since in some instances it is urgent to raise 
promptly and effectively the systemic blood 
pressure that has been lowered by a ganglion- 
blocking agent for the purpose of a specific 
surgical procedure. 


Summary and Conclusions 

The effects of angiotensin (Hypertensin II 
CIBA) given by intravenous infusion on pul- 
monary circulation and ventricular function 
were studied in 16 normotensive patients and 
eight anesthetized dogs. 

During angiotensin infusion the following 
changes were observed: (a) an increase in 
pressures in both systemic and pulmonary cir- 
cuits and four cardiac chambers, and variable 
change in pulmonary artery-pulmonary wedge 
(or left atrial) pressure gradient; (b) 
slightly decreased or unchanged cardiac out- 
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put and stroke volume; (¢) significantly in- 
creased total systemic and total pulmonary 
resistances; (d) significant increase in stroke 
work of both ventricles; (e) significant pro- 
longation in the circulation time from femoral 
artery to femoral artery and slight prolonga- 
tion in mean transit time from pulmonary 
artery or right heart to the femoral artery 
and, (f) no significant alteration in total or 

‘‘eentral’’ blood volume. ? 

It is concluded that (a) angiotensin is a 
very powerful vasopressor agent and has its 
action primarily on the systemic circulation ; 
(b) in the compensated human and canine 
hearts it also increases myocardial contrac- 
tility and ventricular function; and (¢) in 
patients without mitral valvular lesions or 
intracardiae shunts the hemodynamic changes 
in the pulmonary cireulation are mostly 
secondary. 
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Radioisotope Scanning of the Precordial Distribution of 
Iodide in Patients with Myocardial Infarction 


By Dean T. Mason, M.D., Ropert L. Frye, M.D., ano 
Henry N. Waaner, JR., M.D. 


ADIOISOTOPE scanning has _ proved 
| mee as a means of diagnosing peri- 
cardial effusion.1 Ten minutes after adminis- 
tration of human serum albumin labeled with 
radioiodine, the spatial distribution of the ra- 
dioactivity throughout the central cardiovas- 
cular system is automatically measured and 
recorded photographically. The diagnosis of 
effusion is based on comparison of the scan- 
ning image of the cardiac blood pool with the 
roentgenographic image of the heart obtained 
while the patient is lying on the scanning 
table. 

An additional use of scanning in the field 
of cardiovascular disease was suggested hy 
Dreyfuss, Ben-Porath, and Menezel.? These 
authors had observed that I-labeled iodide 
concentrated in pulmonary infarcts, and pos- 
tulated that necroses of the heart might also 
concentrate this isotope. 

Patients with myocardial infarction were 
studied after the administration of I'*1-labeled 
iodide. Iodide rather than iodinated albumin 
was used. Counting rates were recorded daily 
by means of a stationary scintillation detector 
over the chest wall. The counting rate over 
the electrocardiographic locations of leads V; 
and V; were determined over both left and 
right chest. In contrast to the results observed 
in control patients, all patients with myocar- 
dial infarction had at least a 20 per cent 
higher concentration of radioactivity on the 
left side of the chest than on the right. On the 
basis of this finding, the authors suggested 
that it might be possible to demonstrate areas 
of myocardial infarction by a radioisotope- 
scanning procedure, although they did not 
attempt this themselves. 





From the Departments of Medicine and Radiology, 
Johns Hopkins Hospital, Baltimore, Maryland. 


The present study was designed to evaluate 
the feasibility of outlining myocardial infare- 
tions by a radioisotope scanning technic. 


Methods 


In essence, the technic consists of automatically 
recording the spatial distribution of a gamma- 
emitting radionuclide within the body and is more 
completely described elsewhere.! The sean is ob- 
tained with the patient lying in a supine position 
while two motors move a radiation detector back 
and forth automatically over the chest. The de- 
tector consists of a sodium iodide erystal, photo- 
multiplier tube, and focusing collimator. The 
radiation coming from the iodine immediately be- 
neath the probe is detected, amplified, and recorded 
automatically. Background radioactivity is mini- 
mized by means of a gamma-ray spectrometer. 
The radioactivity is utilized to activate a light that 
exposes x-ray film. The darkening of the film is 
a function of the amount of radioactivity beneath 
the detector. Immediately following the seanning 
procedure, a chest x-ray is taken with the patient 
lying on the seanning table. The scanning image 
is superimposed on the x-ray image of the heart 
by means of localizing markers on both seanning 
image and x-ray. 

The seans were performed 24 hours after admin- 
istration of 100 to 200 microcuries of NaT!1, This 
is another difference from the procedure used for 
detecting pericardial effusion in which ease iodi- 
nated albumin rather than iodide is administered 
and the scanning procedure is performed shortly 
after the intravenous injection rather than 24 hours 
later. In the present study, all patients received 
potassium perchlorate prior to the administration 
of the radioiodine to decrease thyroid uptake of 
the isotope. Therefore, most of the administered 
radioiodine was excreted by the kidneys prior to 
the scanning procedure. Consequently, the radioac- 
tivity in the blood was low after 24 hours and any 
concentration of radioiodine in the area of myo- 
cardial infarction would appear as a_ localized 
darkened area on the scanning image. Immediately 
prior to the scanning procedure, we made precor- 
dial measurements of the radioiodine concentration 
beneath a stationary probe over the electrocardio- 
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Table 1 
Description of Patients with Myocardial Infarctions 
Time after 
infarction 

Patient scan Dose radio- L:R radio- Localized concentration 
(J.H.H. Area of performed iodine activity of radioiodine 
number) infarction (ECG) (Days) (ue.) ratio (plus or minus) 
963184 Anterior 15 100, oral 1.5:1 ao 
944739 Diaphragmatic 16 100, oral 1.8:1 + 
971408 Diaphragmatic 17 100, oral 1.9:1 — 
113200 Anterior 16 100, oral Bek _— 
974711 Diaphragmatic 10 200, oral 1.05 :1 — 
490657 Diaphragmatic 16 200, oral Lis + 
343602 Anterior 17 200, oral 1.4:1 _ 
177714 Diaphragmatic 12 200, oral 1.3:1 — 
417326 Diaphragmatic 16 200, oral iis — 
867798 Anterior lateral 8 200, oral 0.93 :1 ao 

diaphragmatic 
867798 Anterior lateral 15 200, oral* 0.72:1 _ 

diaphragmatic 
867798 Anterior lateral 17 200, L.V. tish oe 

diaphragmatic 
799291 Not localized 10 200, I.V. 1.05:1 + 
836501 Anterior 21 200, I.V. 12:3 + 





*Radioiodine given 8 days prior to scan. 


graphic positions left V3 and right V3. This part 
of the study duplicated the work of Dreyfuss et al. 
except that we utilized a 12-hole focusing collima- 
tor with a smaller field and better resolution. 


heart, the possibility was considered that the 
collection of radioactive material might be in 
the stomach. Evidence obtained by comparing 


A total of 14 seans in 12 patients with clinical 
and electrocardiographic evidence of myocardial 
infarction was obtained. In four control patients, 
the radioiodine content of whole blood and gastric 
juice was measured in a well-scintillation detector 
after 100 microcuries of intravenous radioiodine 
were administered. 

Results 

Figure 1 presents the results of the radio- 
isotope scan in two patients with myocardial 
infarction, illustrating a localized concentra- 
tion of radioiodine along the diaphragmatic 
border of the heart. This occurred in four of 
the 11 scans performed after oral administra- 
tion of the radioiodine and in all three scans 
obtained after intravenous administration of 
the radioiodine. Six of 12 patients had a ratio 
of 1.2:1.0 or greater when precordial isotope 
measurements over the left chest were com- 
pared with a corresponding position over the 
right chest. Table 1 summarizes the results. 

Although the radioiodine appeared concen- 
trated along the diaphragmatic border of the 
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the concentration of radioactivity in a sample 
of gastric contents to that of simultaneous 
blood samples after intravenous radioiodine 
was administered supported the concept that 
the radioiodine was concentrated in the stom- 
ach. These data are presented in table 2. 


Discussion / 

The present results strongly suggest that 
the concentration of radioiodine that occurs 
over the left chest 24 hours after the adminis- 
tration of I}*!-labeled iodide is due to radio- 
iodine concentrated in the cardia of the stom- 
ach. This was observed after the intravenous 
as well as the oral administration of the 
iodide. Since saliva contains a high concen- 
tration of radioiodine, it is possible that swal- 
lowed saliva plays some role in the collection 
of radioiodine in the stomach. It has been 
reported, however, that the stomach itself has 
a remarkable capacity to concentrate iodide.** 

Since gastric emptying is delayed in pa- 
tients who lie quietly in bed, one can postulate 





Figure 1 
Top. Scintiscan of patient (963184) with myocar- 
dial infarction. Bottom. Scintiscan of patient 
(944739) with myocardial infarction. 


that the enforced bed rest in patients with 
myocardial infarction would lead to a higher 
mean concentration of secreted radioiodine in 
the cardia than that found in patients in 
whom bed rest is not so strictly enforced. The 
distribution of radioiodine in the stomach of 
a normal person kept at rest for 24 hours after 
the administration of 100 microcuries of so- 
dium iodide (I!*!) intravenously is shown in 
figure 2. The localization of this material in 
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Figure 2 


Scintiscan of control patient (601380). 


Table 2 


Gastric and Blood Activity after Intravenous Ra- 
dioiodine Administration 


Time after Radioiodine 


Patient radioiodine activity ratio 
(J.H.H. number) administered (hours) (gastric/blood) 
(1) 977260 24 3:1 
(2) 466899 42 5:1 
(3) 979280 24 R21 

49 th 

(4) 601386 6 8:1 
28 8:1 

100 20:1 

1 


120 13: 


the stomach can be seen superimposed over 
barium contained in the cardia of the stomach. 

Despite the failure of the present investiga- 
tion to demonstrate the feasibility of outlining 
areas of myocardial infarction by means of 
radioiodine, future attempts to scan areas of 
myocardial infarction with other isotopes may 
be successful. The present data, however, em- 
phasize the need for caution in interpretation 
of precordial scans obtained with radioiodine. 





Circulation, Volume XXIV, December 1961 




















PRECORDIAL DISTRIBUTION OF IODIDE 


Summary 

Precordial scanning of the distribution of 
radioiodine (1'!-labeled iodide) in patients 
with myocardial infarction has been suggested 
by others as a means of delineating the in- 
fareted area. 

Attempts to localize radioiodine in 14 pre- 
cordial scans of 12 patients with myocardial 
infarction resulted in the demonstration of 
localized areas of radioactivity in seven scans. 
This collection of radioactivity was found to 
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be within the stomach, resulting from the nor- 
mal concentration of radioiodine that occurs 
in gastric secretions. 


Thomas Sydenham 
1624-1689 


Thus it was that Sydenham came to seem to his contemporaries “the English Hippoce- 
rates.” Unquestionably his medical art and science had in many respects the charac- 
teristics of a reaction, and Sydenham regarded himself as a Hippoeratist. Like Hip- 
poerates, the basie principle of his medical thinking was the humoral pathology, and like 
Hippocrates his general outlook upon illness was that it was a natural healing process. 
Nevertheless there lay a whole world between the two. The decisive difference between 
them becomes plain in respect of their divergent outlook upon illness as soon as they 
quit the domain of the general. Hippocrates recognized only disease, not diseases. He 
knew only sick individuals, only cases of illness. The patient and his malady were for 
him inseparably connected as a unique happening, one which would never recur. But 
what Sydenham saw above all in the patient, what he wrenched forth to contemplate, 
was the typical, the pathological process which he had observed in others before and 
expected to see in others again. In every patient there appeared a specific kind of 
illness. For him maladies were entities, and his outlook upon illness was, therefore, 
ontological. Hippocrates wrote the histories of sick persons, but Sydenham wrote the 
history of diseases—HeNry E. Sicerist, M.D. The Great Doctors. New York, W. W. 
Norton & Co., Ine., 1933, p. 181. 
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Corrective Surgery for Tetralogy of Fallot 


Evaluation of Results 


By Ear.e B. Kay, M.D., Ci» Noeuema, M.D., Davip MENDELSOHN, JR., M.D., 
AND Henry A. ZIMMERMAN, M.D. 


ee NUMBER of patients with 

tetralogy of Fallot have now had defini- 
tive correction by open-heart surgery, made 
possible by the use of the pump-oxygenator 
and extracorporeal circulation,. to make a 
comparative analysis of the results attained 
between open definitive correction of the de- 
fects and the results of the earlier bypass 
shunt procedures of the Blalock-Taussig! or 
Potts, and the pulmonary valvulotomy or in- 
fundibulectomy technic initiated by Brock,* 
and perhaps to delineate the current role of 
these available procedures to the present care 
of patients with this condition. 

The increased pulmonary blood flow af- 
forded by systemic-pulmonary artery anasto- 
mosis and infundibulectomy was a dramatic 
development in the palliation of these other- 
wise hopeless children. Follow-up studies**® 
of the patients so treated have demonstrated 
in ensuing years an increasing diminution of 
what appeared to be good palliation during 
the first several years following surgery from 
late complications such as bacterial endocar- 
ditis, cerebral abscesses, heart failure, and 
thrombosis of the anastomosis. Later morbidi- 
ty or death has been due to the patient out- 
growing the anastomosis with recurrence of 
the original disability ; or in some instances 
due to the development of pulmonary hyper- 
tension caused by further inerease in the size 
of the anastomosis with growth. 

Pulmonary valvulotomy or infundibular 
resection represented a further step forward 
in a more objective treatment of tetralogy of 
Fallot. According to Campbell and Deucher* 





From the Departments of Surgery, Anesthesia, 
and Medicine, St. Vincent Charity Hospital, Cleve- 
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however, the late results of the direct and in- 
direct methods were very similar. Loss of 
improvement following valvulotomy or infun- 
dibular resection was due either to recurrence 
of the obstruction in the right ventricular out- 
flow tract or to the development of a large 
left-to-right shunt created by the operation 
because of the inability with this technic to 
correct associated ventricular septal defect. 

The development of safe extracorporeal 
technics, the advances in intracardiae correc- 
tive surgery, and the use of cardioplegia have 
made possible the complete repair of tetralogy 
of Fallot.®: ® In view of the conflicting results 
reported with the palliative procedures, and 
the scarcity of reports in the literature of 
postoperative hemodynamic evaluation in pa- 
tients submitted to a corrective operation by 
the open technic, this report appears to be per- 
tinent. 

The criteria for postoperative evaluation of 
benefit gained in the past have for the most 
part been the clinical condition of the patient, 
the status of cyanosis, the degree of polyey- 
themia, and the hemoglobin level. The evalua- 
tion of the late results attained by the open 
corrective method for tetralogy of Fallot 
should also include hemodynamic improve- 
ment as demonstrated by cardiac catheteriza- 
tion studies in addition to the clinical 
evaluation. 

Series 

This report concerns the repair of tetralogy 
of Fallot in a series of 50 consecutive pa- 
tients. The method of correction is described 
and the results are analyzed. Complete eval- 
uation including cardiac catheterization stud- 
ies of a group of patients operated upon 1 to 
5 years previously is presented. 
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In all patients the diagnosis of tetralogy 
of Fallot was clinically established and com- 
plemented by laboratory studies. All patients 
were cyanotic. Polyeythemia and high hemo- 
globin levels were always present. Clubbing 
was present in all patients but the two very 
young ones. The age varied from 12 months 
to 42 years, and the majority of the patients 
were in the younger age group. Four patients 
had had previous Blalock operations. In three 
of them the anastomosis was patent. One pa- 
tient had had a Brock procedure with a good 
initial result but with gradual recurrence of 
symptoms 3 years after surgery. 


Preoperative Evaluation 

Although the diagnosis of tetralogy of Fal- 
lot ean be established clinically in the majori- 
ty of instances, a more objective preoperative 
evaluation is indispensable in order to gain 
more information about the hemodynamic 
alterations and to provide details about the 
anatomic variations of the defects. Electro- 
eardiographie and roentgenologiec examina- 
tions, as well as catheterization studies were 
performed in each patient in this series. For 
the past several years cineangiocardiographic 
studies have been done routinely. This is the 
most objective method of obtaining reliable 
information preoperatively concerning the 
anatomic condition of the pulmonary outflow 
tract. The visualization of the ventricular 
septum and the ventricular septal defect aided 
in establishing the differential diagnosis be- 
tween tetralogy of Fallot and patients with a 
single ventricle and pulmonary stenosis. It 
further provided information relative to atre- 
sia of the pulmonary outflow tract and pul- 
monary artery. It aided in evaluating the 
efficacy of corrective surgery when associated 
with marked pulmonary atresia in instances 
of pseudotruncus arteriosus. 

Contrary to the policy of others, small in- 
fants (less than 20 lb. of body weight) have 
been followed by a careful medical supportive 
management. The risk of any kind of surgery 
in these patients has been great and does not, 
in our minds, justify surgical intervention 
before these children grow larger. These cya- 
notice infants in the past have been frequently 
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hospitalized for acute supportive therapy 
during the first year of life. During the past 
5 years only one infant died during this first 
year of life under this policy. All others sur- 
vived until the time they became better risks 
for surgical treatment. The performance of 
shunt operations in this group of small in- 
fants has not been satisfactory due to the high 
operative mortality and incidence of throm- 
bosis of the anastomosis. 


Operative Approach 

A bilateral thoracotomy was used initially. 
During the last 2 years a longitudinal ster- 
notomy has been employed. Postoperatively, 
pain and pulmonary complications were less 
with the sternal-splitting incision. The pleural 
spaces were kept closed until the end of sur- 
gery, avoiding manipulation and trauma of 
the lungs. At the end of surgery the right 
pleural space was opened to provide thora- 
cotomy drainage of the mediastinal structures. 

Extracorporeal circulation for all patients 
was provided with a Kay-Cross pump oxy- 
genator. One of the superficial femoral arter- 
ies was cannulated for perfusion. The man- 
agement of these patients and the physiologic 
controls of the perfusion have been previously 
reported.” Heparin (1 mg./lb.) was given 
prior to cannulation. With the patient on to- 
tal heart-lung bypass, elective cardiac arrest 
was induced, the cardiotomy was performed, 
and the defects were repaired under direct 
vision. In the three patients in whom a pre- 
vious Blalock anastomosis was still patent, the 
shunt was interrupted at the moment the by- 
pass was started. 

Elective cardiac arrest was employed to 
obtain a bloodless, motionless field, which af- 
forded perfect identification and repair of the 
ventricular septal defect. In 42 patients po- 
tassium chloride was the cardioplegic drug. 
In all instances cardiae rhythmicity was re- 
stored without difficulty. In the past year, 
however, hypothermic cardiac arrest has been 
used because it afforded greater myocardial 
protection without the supposed deleterious 
effects of potassium arrest.!! Frequently, peri- 
eardial irrigation with the same solution was 
used to supplement this method for continued 
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Figure 1 
Diagrammatic illustration of technic employed in 
increasing the size of the right ventricular outflow 
tract. 


hypothermia. Intracardiac repair of tetralogy 
of Fallot is a time-consuming procedure (45 
to 60 minutes) and extra protection to the 
myocardium was gained by this means of ap- 
plying hypothermia. 

The cardiotomy was made in the outflow 
tract of the right ventricle and carefully ex- 
tended to permit good exposure of the intra- 
cardiac structures. Anomalous branches of 
the coronary arteries may cross this area that 
should not be sacrificed without proper eval- 
uation. The infundibulum and excess muscle 
mass obstructing the ventricular outflow tract 
was resected under direct vision and a pul- 
monary valvulotomy was performed when 
necessary. 

The ventricular septal defect was accurate- 
ly identified and a small sump was introduced 
into the left ventricle, via the septal defect, 
in order to maintain a bloodless field. This 
same sump was used for decompression of the 
left ventricle during the recovery phase of 
the elective cardiac arrest. 

Individual 4-0 silk sutures were placed at 
the edges of the septal defect and used for 
suturing an Ivalon* patch. Special care was 
exercised in order to avoid inclusion of ele- 
ments of the conductive system. The careful 
placement of interrupted sutures and the use 
of a patch in the repair of the defect were 


*Commercial brand of polyvinol sponge. 
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essential factors in the prevention of operative 
heart block. Atrioventricular block associated 
with closure of the septal defect has never 
occurred. Disturbances in the right ventricu- 
lar conduction system have been frequent 
after repair of tetralogy of Fallot, and have 
been attributed to extensive resection of the 
infundibulum.'* In tetralogy of Fallot, the 
ventricular septal defect was generally due 
to a complete absence of the membranous 
septum. In our experience, simple suture clo- 
sure used in a few instances has not been as 
satisfactory a method of closure.’* The use 
of an Ivalon patch insured a permanent clo- 
sure of the septal defect without tension, and 
the interrupted sutures used for its fixation 
avoided damage to the conduction system. 
Before the ventricular septal defect was com- 
pletely closed, the aortic clamp was released 
and the coronary flow was re-established. If 
ventricular fibrillation occurred and did not 
revert spontaneously, electric defibrillation 
(60 to 100 volts at 0.1 second) was used. 
During elective hypothermic cardiac arrest, 
the temperature of the myocardium was moni- 
tored by a Yellow Springs needle thermistor. 
Electric defibrillation was attempted only 
after the myocardial temperature reached 
32 C. When a good heart beat was re-estab- 
lished, the sump was removed from the left 
ventricle and the remaining sutures were tied. 
Tn spite of extensive infundibular resection, 
the majority of the patients (70 per cent) had 
an elliptical patch of heavily compressed 
Tvalon (10 to 1 mm.) sutured to the edges of 
the ecardiotomy in the ventricular outflow 
tract to increase further the size of this cham- 
ber and to avoid residual obstruction (fig. 1). 
Upon occasions it has been necessary to extend 
this plastic graft for varying distances across 
the pulmonary valve and into the pulmonary 
conus in order to obtain a satisfactory right 
ventricular pulmonary artery pathway. The 
correction of the pulmonary stenosis was a 
vital phase of the repair of tetralogy of Fal- 
lot. Complete closure of the septal defect, 
without assuring an adequate ventricular pul- 
monary artery outflow tract, precipitates 
right ventricular failure in the immediate 
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Table 1 
Hemodynamic Studies before and after Surgery Demonstrating the Benefit Obtained by Open Correc- 


tion of Tetralogy of Fallot 


Pressure, right 


Residual 








Pressure, pulmonary Arterial saturation 
ventricle artery ha (%) defect 
Name Age Pre. Post. Pre. Post. Pre. Post. Post-Op. Comment 
R.F. 20 128/16 75/—3 -- 40/12 69.4 96.5 Small L-to-R Previous Blalock 
shunt (thrombosed ) 

G.S. 6 110/—10 27/1 — 26/8 48.5 96.7 No shunt 

K.H 6 77/8 45/0 23/10 36/9 75.6 94.9 No shunt Previous Brock 

J.E. 6 135/—10 38/0 15/3 32/10 32.4 93.4 No shunt 

L.MeK. 3 102/—7 35/—2 ~- 17/7 79.2 93.3 No shunt 

R.R. 19 120/—2 65/0 = 50/12 72.3 92.4 L-to-R shunt 

D.L. 6 126/—3 28/0 8/3 26/9 76.5 94 No shunt 

K.H. 12 85/11 40/—2 15/4 20/6 81.6 96.7 No shunt Previous Blalock 
(open) 

J.M. 14 112/—5 35/0 —- 25/9 77 96 No shunt Previous Blalock 
(open) 

B.R. 7 110/—1 30/0 -- 27/8 81 95 No shunt Previous Blaloek 
(open ) 

H.C. 6 110/—5 40/0 - 26/9 52.3 93.4 No shunt 

N.E. 12 105/0 31/0 15/6 24/9 84 97.4 No shunt 

M.F. 4 125/0 22/0 — 21/8 59.3 98 No shunt 

Boe. 6 112/0 28/0 32/10 26/7 81 96 No shunt 

R.P. 8 110/—2 32/0 -— 30/10 


postoperative period. This was the main cause 
of failure initially when grafting of the out- 
flow tract was not used. 

After the definitive surgery was accom- 
plished and the heart was able to take over 
the circulation, protamine was given (1 mg./ 
lb.) and the cannulae were removed. Careful 
hemostasis was necessary. It is our impression 
that cyanotic patients have a higher bleeding 
tendency than acyanotic ones. Often it was 
necessary to give these patients larger doses 
of protamine and vitamin K, to re-establish 
the clotting mechanism. 

Pressures were routinely taken in the right 
ventricle and pulmonary artery before and 
after the bypass in order to evaluate the re- 
pair of the pulmonary stenosis. Postopera- 
tively special care was taken to maintain a 
normal blood volume by replacing thoracot- 
omy drainage with fresh whole blood. In ad- 
dition, five per cent glucose was given during 
the first 48 hours (500 ml./M. of body sur- 
face). The patients were placed in an Eliot 
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80.7 95 No shunt 


hood, where a high concentration of oxygen 
(75 to 85 per cent) was maintained during 
the first 24 hours. The airway was kept clean, 
and tracheal aspiration was performed with a 
laryngoscope as indicated. Tracheotomy was 
employed only once early in this series. 


Results of Corrective Surgery 

The over-all 5-year mortality was 18 per 
cent. During the last 2 years, 20 patients have 
had complete correction of tetralogy of Fallot 
with an operative mortality of 15 per cent. 
The higher mortality rate observed during the 
first 214 years was inherent in the develop- 
mental phases of extracorporeal circulation 
and surgical technics for repair of this com- 
Forty-one of the fifty 
patients are alive and well. Of the nine opera- 


plex malformation. 


tive deaths, those occurring early in the series 
were for the most part due to poor correction 
of the infundibular stenosis in the presence of 
a complete closure of the septal defect. At- 
tempts to correct hearts with too atretic pul- 
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monary arteries were the next frequent cause 
of failure. Three patients, also among the 
first 25 cases operated upon, died in conse- 
quence of anuria secondary to high hemolysis 
during perfusion. With added experience and 
improvement in perfusion technics anuria is 
no longer a complication. A 12-month-old baby 
succumbed on the third postoperative day as 
a result of a subdural hematoma. Only one 
patient died in the late postoperative period. 
This was a 20-year-old patient who died 2%4 
years postoperatively after a short hospitali- 
zation for bacterial endocarditis. During the 
previous 2144 years he was able to attend 
school and carry on normal physical activi- 
ties. Postmortem examination revealed that 
the ventricular septal defect was not com- 
pletely closed and there was evidence of sub- 
acute bacterial endocarditis involving the tri- 
euspid valve. The Ivalon grafts in the right 
ventricular outflow tract and ventricular sep- 
tum were well incorporated, pliable, and 
covered by endothelium. There was no evi- 
dence of calcification or aneurysmal dilatation 
of the grafts. 

The remaining 41 patients with tetralogy 
of Fallot operated upon during this 5-year 
period are alive, asymptomatic, and have 
normal physical activity. The cyanosis and 
polycythemia have disappeared and the hemo- 
globin levels are normal. Postoperative roent- 
genologic studies revealed normal-sized hearts 
and normal pulmonary vasculature. Complete 
postoperative evaluation including hemody- 
namic studies have now been performed in 15 
of these patients from 114 to 3 years post- 
operatively. The pertinent data are reported 
in table 1. 

An analysis of these 15 patients demon- 
strates that in 13 of them a complete hemo- 
dynamie correction was accomplished. In two 
patients, a small left-to-right shunt still 
existed. One of these patients (R. R.) al- 
though clinically well for 214 years, developed 
subacute bacterial endocarditis and died as 
noted above. This was the only late death 
in the series. The other patient (R.F.) with 
a residual left-to-right shunt also has a gra- 
dient between right ventricle and pulmonary 
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artery (33 mm. Hg). He has had excellent 
clinical improvement, is asymptomatic, and 
pursues normal activity, over 3 years follow- 
ing surgery. The arterial saturation has 
increased from 69.4 to 96.5 per cent. 


Conclusion 

Definitive surgical correction of tetralogy 
of Fallot by the open technic has not been 
accompanied by a higher operative mortality 
than that associated with the shunt opera- 
tions. As a result of the surgical technics 
being directed at the correction of the defects, 
greater improvement approximating normal 
is attained. 

Summary 

Fifty patients with tetralogy of Fallot have 
had surgical correction of their complex de- 
fects made possible by the open technic dur- 
ing the past 5 years. The overall 5-year 
operative mortality was 18 per cent. This 
was reduced to 15 per cent during the past 
2 years in 20 patients. Forty-one of the pa- 
tients are alive, asymptomatic, and have nor- 
mal physical activity. Ffteen patients have 
had cardiac evaluation studies including ear- 
diae catheterization from 114 to 3 years post- 
operatively. Thirteen patients had normal 
cardiac hemodynamics. In only two patients 
was there evidence of incomplete hemodyna- 
mic improvement even though marked clinical 
improvement was gained. 
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On Permanent Patency of the Mouth of the Aorta, or Inadequacy 
of the Aortic Valves 
By Dominic JoHN Corrican, M.D. 
One of the Physicians to the Charitable Infirmary, Jervis Street, Dublin; Lecturer on 
the Theory and Practice of Medicine; Consulting Physician to St. Patrick’s College, 


Maynooth 


The morbid affections of the valves and aorta permitting this regurgitation are the 


following. 


1st, The valves may be absorbed in patches, and thus become reticulated and present 
holes, through which the blood flows back into the ventricle . . . 

2nd, One or more of the valves may be ruptured; the ruptured valves, when pressed, 
flapping back into the ventricle instead of catching and supporting the column of blood 
in the aorta, the blood then regurgitating through the space left by the broken valves .. . 

3rd, The valves may be tightened or curled in against the sides of the aorta, so that 
they cannot spread across its mouth; and an opening is then left between the valves, 
in the centre of the vessel, through which the blood flows freely back into the ventricle. . . 

4th, The valves without any proper organic lesion may be rendered inadequate to 


their function by dilatation of the mouth of the aorta. 


The aorta, affected by aneurism, 


or dilated, as it frequently is in elderly persons, about its arch, will sometimes have 
the dilatation extending to the mouth of the vessel, and in such a case, the valves 
become inadequate to their function, not from any disease in themselves, but from the 
mouth of the aorta dilating to such a diameter, as to render the valves unable to meet 
in its centre; the blood then, as in the other instances, regurgitates freely into the 


ventricle. 








Myocardial Metabolism in Progressive Muscular Dystrophy 
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P. B. pen Bakker, M.D., anp R. J. Brine, M.D. 


YOCARDIAL as well as skeletal muscle 

involvement occurs in a high proportion 
of cases of human progressive muscular dys- 
trophy. This cardiac involvement constitutes 
a specific cardiomyopathy. Clinical evidence 
of myocardial involvement by the dystrophic 
process includes labile tachycardia in over 50 
per cent of cases, congestive heart failure, 
various arrhythmias, cardiac murmurs, and 
cardiomegaly.’ Electrocardiographie abnor- 
malities occur in up to 80 per cent of 
patients.? These changes include sinus tachy- 
eardia, bundle-branch block, premature ven- 
tricular contractions, shortened P-R intervals, 
T-wave changes, elevation of S-T segments, 
and abnormal Q waves.!:?:*:*8 Pathologically, 
the myocardium shows the characteristic 
gross and histopathologic changes of skeletal 
muscle as seen in progressive muscular dys- 
trophy, except that the myocardium is usually 
not so severely involved.*:* In addition, spe- 
cific cardiae lesions include increased subepi- 
cardial fat and occasional epicardial thicken- 
ing.* Subendocardial fibroelastosis may also 
oceur.? ® 

The clinical findings and the pathologic 
changes of the heart in progressive muscular 
dystrophy have recently been reviewed by 
Levin, Baens and Weinberg.! 

Although the metabolic changes of skeletal 
muscle in human progressive muscular dys- 
trophy have been studied extensively, the 
metabolism of the myocardium has not been 
investigated. It is the purpose of this commu- 
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nication to report the cardiac metabolism of 
11 patients suffering from this disease. 


Materials and Methods 


A total of 11 patients with progressive muscu- 
lar dystrophy was studied by means of coronary 
sinus catheterization.!° The patients ranged in age 
from 9 to 41 years; however, most of them were 
16 to 22 years old. The average duration of the 
disease in this group was 12 years (table 1). The 
shortest duration was 4 years and the longest 19. 
Nine of the 11 patients had the pseudohyper- 
trophic type of muscular dystrophy, and two (F.D. 
and J.G.) had the facioseapulohumeral type (table 
1). The electrocardiographie changes are recorded 
in table 2. All these patients were physically 
seriously handicapped. All but two (F.D. and 
J.G., table 1) were confined to a wheelchair, 
and A.L. (table 1) had marked difficulties in 
walking. The patients were postabsorptive, and 
none was premedicated. Two patients (J.G. and 
M.Z.) were studied at rest and during exercise. 
Exercise consisted of moving the legs against a 
resistance. The work they performed was esti- 
mated to be about 20 Kg. meters per minute. 

Coronary blood flow was measured by the 
nitrous oxide desaturation method in four patients 
as previously described. Cardiac output was 
measured in six of the 11 patients by the Stewart- 
Hamilton method by injecting cardiogreen dye 
into the right atrium and sampling through a 
Gilford densitometer from either the brachial or 
the femoral artery. 12 13 

Simultaneous coronary sinus and either brachial 
or femoral arterial blood samples were drawn for 
the determination of oxygen, glucose, inorganic 
phosphate, pyruvate, lactate, and for malice dehy- 
drogenase and aldolase activities. Blood oxygen 
concentration was determined by the manometric 
method of Van Slyke and Neill.14 Glucose was 
determined by the method of Hugget and Nixon’ 
and pyruvate was also measured enzymatically.'® 
Lactate was determined by a method modified 
from Hohorst,!* inorganic phosphate by the 
method of Wahler and Wollenberger!®; malic 
dehydrogenase activity in plasma was measured 
as previously reported,!® and plasma aldolase 
activity by means of a combined enzymatic test.?° 

Hereafter, differences in concentrations of sub- 
strates or the activity of enzymes between the 
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Table 1 


Clinical Data on Eleven Patients with Progressive Muscular Dystrophy 











Name of Age of ________Clinicallaboratory ree 
patient, patient FElectro- Urine Urine 
age, and Date atonset cardio- creatine creatinine S-GOT S-LD 
type of PMD Sex studied of PMD gram mg./24hr. Gm./24hr. units units 
R. J. 
22 M 11/15/60 5 A 1810 0.7 57 390 
D 
a2: 
17 M 11/21/60 Infaney A 297 0.2 15 130 
D 
eS D. 
41 F 12/20/60 22 A 622 0.75 18 150 
FSH 
R. Me. 
10 M 1/6/61 2 N 292 0.2 88 1480 
D 
A. I. 
9 M 2/7/61 5 A 392 0.5 102 1100 
D 
J.G. 
18 M 2/28/61 Infaney N 818 0.9 40 660 
FSH 
S.S. 
20 M 3/7/61 13 A 1095 0.3 34 280 
D 
13, /8" 
16 M 3/9/61 3 A 253 0.2 37 150 
D 
B. M. 
17 M 3/28/61 5 N 368 0.2 63 550 
D 
M. Z. 
22 M 5/9/61 5 A 1179 0.9 95 470 
D 
L. D. 
10 M 5/24/61 5 A 1306 0.3 89 1040 


D 


Abbreviations: PMD, progressive muscular dystrophy; S-GOT, serum glutamic-oxalacetic 
transaminase; S-LD, serum lactic dehydrogenase; D, Duchenne; FSH, facioseapulohumeral ; 
A, abnormal; N, normal. 


arterial and coronary sinus blood will be referred The ratio of the molar concentration of lactate 
to as myocardial balances. A positive myocardial to pyruvate is a reflection of the ratio of the molar 
balance indicates a lower value in the coronary concentration of DPNH to DPN.?? The ratio of 
sinus blood than in the arterial blood; when the DPNH to DPN determines the oxidation-reduction 
balance is negative, the value in the coronary potential of the system. Therefore, it is possible 


sinus blood exceeds that in arterial blood. to determine the oxidation-reduction potential 
- (E;, or redox potential) of the arterial and venous 
Calculations : ; : 
blood from the ratio of the molar concentration of 
The per cent glucose oxygen extraction ratio (La) 
was determined from the coronary arteriovenous lactate to that of pyruvate (Py) . Klingenberg 
differences of glucose and oxygen as described aseees : 
21 " seer and Bucher2? state that the oxidation-reduction 
before :7 . ; 
Gl ie ti t potential of the lactate-pyruvate system in blood 
“0S xvgve »xtractlio ? p — : : >. 
4 sac ey be r ae a and in the normal resting tissues are very close 
» equivalent of extracted glucose a sates os oe aap : 
a 5 xX 100. The oxy- to each other. However, they arrived at this 


myocardial oxygen extraction 
gen equivalent of glucose is 0.75 X mg. per cent 
of glucose extraction. 


conclusion primarily through their work on the 
liver.23 Nevertheless, it has been shown in this 
laboratory that changes in the oxidation-reduction 
Circulation, Volume XXIV, December 1961 
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The differences in oxidation-reduction potentials 
between arterial and coronary venous blood are 
plotted against the myocardial glucose extraction. 
Negative coronary arteriovenous differences in 
oxidation-reduction potentials are associated with 
low glucose extractions; positive coronary arterio- 
venous differences in oxidation-reduction potential 
are associated with a higher myocardial glucose 
extraction. (A E,mv represents the coronary 
arteriovenous difference in oxidation-reduction po- 
tential expressed as millivolts. A positive difference 
in oxidation-reduction potential suggests anaerobic 
metabolism.) 


potential of the myocardium were reflected by 
those occurring in coronary sinus blood as ecalcu- 


lated from the ratio 4 The redox potential 


y 
of the extramitochondrial DPN-DPNH system 
(E,) has been estimated at —240 mv.?5 The 
redox potential is calculated from the formula 


RT (OX) 
KE, = E, + - In TRED) 

Where E, is the redox potential when the oxidized 
substrate (OX) equals the reduced (RED). The 
value for the pyruvate-lactate system is —204 
myv.76 and the value for 

ail n ew: 30.7 log oe: 

nF (RED) (RED) 
(R is the gas constant, T the absolute temperature, 
n represents the number of electrons, and F the 
faraday).2* Thus, by substitution : 
489) 
~ (La) 
The change in redox potential across the heart 
is determined by substracting the venous from the 


E, = —204 + 30.7 lo 
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Table 2 


Electrocardiographic Changes in Eight Patients 
with Progressive Muscular Dystrophy 


Name Electrocardiographic abnormalities 


R. J. Deep Q in lead III 
Abnormal Q in leads Vs, V; 
S-T segment straightened in leads I, Vs, Vo, Vz 
T wave small, diphasic in leads I, Vs, Vs, V; 


Had right bundle-branch block on 10/10/60 
Normal tracing on 11/22/60 





6/21/60 T waves very small in standard and 
unipolar limb leads Vs, Vs, V:, diphasic in 
leads II, IIT, aVr, aVv. S-T segment straight- 
ened in all leads except V:i, V2, Vs. 12/19/60 
Improved but nonspecific damage still present 


Sinus tachycardia 
T small, diphasic in lead IIT 


Abnormal QI on 3/8/61 

Abnormal QI plus elevated S-T segments in 
leads V; through V; on 7/6/60 

3/8/61 T inverted in lead III and diphasiec 
in aVy. 

Deep Q < .03 second in leads Ve, Vz. 

9/20/60 Sinus tachycardia 


Ventricular premature contraction 
S-T straightened and T wave flat in lead IIT 


P-R 0.08 second 
Deep but not prolonged Qs in leads Vs, Ve, V: 


arterial redox potentials. A positive difference in 
oxidation-reduction potential between the arterial 
and coronary sinus blood indicates a _ relative 


; : La 
increase in the ratio Pp the coronary venous 
> 


blood and therefore a shift toward anaerobic 
metabolism by the myocardial cells. 


Results 

Cardiac indices ranged from 3.7 to 5.6, and 
the average for the group was 4.7 L. per min- 
ute per square meter of body surface (table 
3). Thus, all the individuals had elevated 
eardiae outputs. The coronary blood flows in 
the four patients in whom it was determined 
were in the range of 53 to 92, with an average 
of 72 ml. per minute per 100 Gm. of left ven- 
tricle. This is within the normal range (table 
3). 

The biochemical data are arranged in table 
3. The pyruvate and lactate balances were 
positive in all patients except two (L.F. and 
J. G.). Glucose was extracted by all patients ; 
its extraction appeared to be a function of 
the arterial glucose concentration, as has been 
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previously reported.*! The inorganic phos- 
phate concentration in blood was elevated, 
confirming the findings of Danowski and co- 
workers.*§ There was no significant myocar- 
dial extraction or release of inorganic phos- 
phate. The malic dehydrogenase activity in 
plasma was above normal in four of the eight 
patients; the myocardial balance of this en- 
zyme was negative in two patients (B.M. and 
M.Z.), becoming positive in one (M.Z.) during 
exercise (table 3). The serum aldolase was 
elevated in four of the seven patients in whom 
it was determined. In one of these (J.G.) 
the positive myocardial balance became nega- 
tive on exercise (table 3). The oxygen extrac- 
tion by the heart ranged from 8.6 vol. per 
cent to 12.3 vol. per cent, with an average of 
11.1 vol. per cent in 10 patients. These values 
are slightly elevated. The myocardial glucose 
oxygen extraction ratio was less than 100 per 
eent in all individuals, demonstrating break- 
down of substrates other than glucose. The 
coronary arteriovenous redox potential differ- 
ences were positive in most of the patients, 
indicating a shift toward glycolysis. 


Discussion 

The relationship of the myocardial extrac- 
tion of glucose to the difference in the redox 
potential existing between arterial and cor- 
onary vein blood is illustrated in figure 1. It 
may be seen that fhe more positive coronary 
arteriovenous redox potential differences are 
accompanied by a higher myocardial glucose 
extraction, the myocardial glucose extraction 
and the ratio m increasing together. This re- 
lationship indicates that the increased extrac- 
tion of glucose is accompanied by a rise in 
glycolysis rather than respiration. 

Figure 2 illustrates the relationship between 
the per cent glucose oxygen extraction ratio 
and the differences in coronary arteriovenous 
redox potentials. As already indicated in fig- 
ure 1, most of the patients had positive cor- 
onary arteriovenous differences in redox 
potentials. As shown in figure 2, glucose oxy- 
gen extraction ratios are less than 100 per 
cent in all patients studied, indicating myo- 
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Figure 2 


The per cent myocardial glucose oxygen extraction 
ratio is plotted against the coronary arteriovenous 
difference in oxidation-reduction potential. The 
myocardial glucose oxygen extraction ratio is less 
than 100 per cent in all patients with muscular 
dystrophy, suggesting usage of substrates other 
than glucose. As the per cent glucose oxygen 
extraction ratio rises, the coronary arteriovenous 
difference in oxidation-reduction potential becomes 
more positive. 


eardial breakdown of substrates other than 
glucose. As the coronary arteriovenous redox 
potential differences become more positive, 
the per cent glucose oxygen extraction ratio 
increases (fig. 2). Apparently aerobic gly- 
eolysis occurs, since in the presence of suffi- 
cient oxygen to account for the oxidation of 
all the glucose extracted, an increase in the 
ratio bese is present. 
Py 

The blood concentration of inorganic phos- 
phate is elevated in all seven patients in whom 
this determination was carried out. Figure 3 
illustrates the relationship between the myo- 
cardial glucose extraction and the blood in- 
organic phosphate concentrations. As may be 
seen, there is a linear relationship between the 
inorganic phosphate concentration in blood 
and the myocardial glucose extraction. It is 
likely that the elevated inorganic phosphate 
concentration in blood, as seen in patients 
with muscular dystrophy, is the key to the 
relationship between glycolysis and respira- 
tion.?® 

Wu and Racker,®*® studying the metabolism 
of ascites tumor cells in vitro, have found 
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that increasing the extracellular concentra- 
tion of inorganic phosphate resulted in its 
intracellular elevation. Fitch and Dinning*! 
have demonstrated a high rate of turnover 
between extracellular and intracellular inor- 
ganic phosphate in vitamin E-deficient rab- 
bits and rats. It has been shown repeatedly 
that an elevated intracellular inorganic 
phosphate concentration stimulates glycoly- 
sis.3°, 32-34 That this is possibly the case in 
patients with progressive muscular dystrophy 
is shown by the fact that an elevated concen- 
tration of blood inorganic phosphate is ac- 
companied by increased myocardial glucose 
extraction (fig. 3), and that the increase in 
myocardial glucose extraction is directly re- 
lated to an increase in glycolysis and heart 
muscle as shown in figure 1. 

What is the mechanism of the elevation in 
the inorganic phosphate concentration in 
blood? It has been shown that either anaero- 
biosis or uncoupling of oxidative phosphory- 
lation results in increased intracellular 
concentrations of inorganic phosphate with 
inerease in the rate of glycolysis.*° The data 
presented here show increased inorganic 
phosphate in blood along with aerobic gly- 
colysis in heart muscle in the presence of a 
normal or slightly elevated myocardial oxy- 
gen extraction. This combination suggests 
uneoupling of oxidative phosphorylation. 
Further evidence of this is the finding of 
Danowski and co-workers** that children with 
progressive muscular dystrophy have an ele- 
vated basal metabolic rate and protein-bound 
iodine. The studies presented here also reveal 
an increased cardiac output (table 3). Ex- 
perimental muscular dystrophy in vitamin 
E-deficient animals has been thought to be 
accompanied by uncoupling of oxidative 
phosphorylation.*": ** However, several inves- 
tigators studying skeletal muscle in human 
progressive muscular dystrophy have con- 
cluded that the major metabolic defect in 
carbohydrate metabolism is a marked diminu- 
tion of glycolysis.*®-*! These conclusions were 
based on the low intramuscular levels of cer- 
tain glycolytic enzymes and the decreased 
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This shows the relationship between the arterial 
blood concentrations of inorganic phosphate and 
the myocardial glucose extraction. Section A shows 
the absence of correlation in patients with diseases 
other than muscular dystrophy such as hyper- 
tension, metastatic carcinoma, and low-output con- 
gestive heart failure. Section B shows that in 
patients with muscular dystrophy there is a linear 
relationship between the inorganic phosphate in 
blood and the myocardial glucose extraction. 


lactate production by homogenates of dys- 
trophic muscle. 

The dangers and limitations of attempting 
to interpret the pathways of intermediary 
metabolism in the myocardial cell from the 
coronary arteriovenous differences of sub- 
strates are well appreciated.**? From changes 
in the relationships between the concentra- 
tions of substrates in arterial and coronary 
sinus blood, however, certain tentative con- 
clusions may be drawn. Thus, the relative 
: : ae é 
increase in the ratio 5— between the arterial 
and coronary sinus blood reflects a similar 
change in the oxidation-reduction potential of 
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the heart muscle cell.?!}?? Equally, the rela- 
tionship between myocardial glucose extrac- 
tion and the myocardial redox potential may 
provide information about the rate of glycoly- 
sis in heart muscle. Finally, the data obtained 
from arterial and coronary sinus blood have 
shown that an elevated inorganic phosphate 
concentration in blood increases rate of gly- 
eolysis in the myocardial cell. 


Summary 

Myocardial metabolism was studied in 11 
patients with progressive muscular dystrophy. 
Coronary blood flow was measured in four, 
the cardiac output in six patients. The blood 
concentrations of oxygen, glucose, inorganic 
phosphate, pyruvate, and lactate, and the 
serum activities of malic dehydrogenase and 
aldolase were determined in simultaneously 
drawn coronary sinus and arterial blood sam- 
ples. 

The cardiac outputs were elevated in all 
patients. Myocardial extractions of pyruvate 
and lactate were negative in two patients. 
Inorganic phosphate concentrations in blood 
were elevated. Malic dehydrogenase and aldo- 
lase were released by the heart in several pa- 
tients. Differences in  oxidation-reduction 
potential between arterial and coronary ve- 
nous blood were positive, suggesting glycoly- 


sis in the heart muscle. This was accompanied 


by increased myocardial extraction of glucose. 
Apparently aerobic glycolysis occurred, since 
sufficient oxygen was present to account for 
all glucose extracted. 

Stimulation of glycolysis by inorganic 
phosphate was suggested by the relationship 
between the elevated inorganic phosphate con- 
centration in blood and the myocardial glu- 
cose extraction. This suggests the possibility 
of uncoupling of oxidative phosphorlyation in 
the myocardium. 
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Clinical, Pathologic, and Hemodynamic Considerations 
in Coarctation of the Aorta Associated with 
Ventricular Septal Defect 


By CuHarues P. NEwcomsg, M.D., Patrick A. ONGLEY, M.B., Ch.B., 
JESSE E. Epwarps, M.D., anp Earu H. Woop, M.D. 


N COARCTATION of the aorta, the co- 

existence of a defect of the ventricular 
septum tends to prevent development of hy- 
pertension in the upper systemic circulation 
by permitting blood from the left ventricle to 
pass into the pulmonary circulation. This 
tendency is accentuated but not fundamen- 
tally altered if there is also a patent ductus 
arteriosus opening into the aorta proximal to 
the coarctation. 

A more complicated situation obtains if the 
ductus enters the aorta distal to the coarcta- 
tion. Then systolic pressure in the descending 
aorta tends to approach that in the pulmonary 
artery, owing to the equalizing effect of the 
ductus, and also the pressure in the ascending 
aorta may approach that in the pulmonary 
artery, owing to the equalizing effect of the 
ventricular septal defect. Consequently, little 
or no pressure gradient may exist across the 
coarctation. Recognition of the existence of 
coarctation in these circumstances is of great 
practical importance, as discussed later. 

In this paper analysis is made of 26 cases 
of ventricular septal defect and coarctation 
of the aorta with or without patent ductus 
arteriosus, in which the diagnosis was fully 
established by pathologic, surgical, or com- 
plete hemodynamie data. Briefer reference, 
principally for purposes of classification, is 
made to 13 other cases in which this combina- 
tion of defects formed part of more compli- 
eated malformations. 

Classification According to Associated Ab- 
normalities: In the classification used, the 
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term ‘‘coarctation’’ includes all anatomic 
varieties of obstruction to the aortic arch— 
infolding of the aortic wall (usually referred 
to as coarctation) and also tubular hypoplasia, 
atresia of the isthmus of the aorta, and com- 
plete interruption of the aortic arch. In de- 
scribing ventricular septal defects, the con- 
siderations elaborated by Becu and associates! 
will be followed ; but for convenience, defects 
involving the region dorsal to the crista supra- 
ventricularis will be referred to as the 
‘‘usual’’ type, those ventral to the crista as 
‘‘high’’ defects, and those of the central part 
of the septum as ‘‘muscular’’ defects. 

Cases of ventricular septal defect and co- 
arctation of the aorta are most conveniently 
classified according to the additional malfor- 
mations (table 1). 


Cases with Normal Positions of Ascending 
Aorta and Pulmonary Artery 


Isolated and with Proximal Patent Ductus 
Arteriosus 

A ventricular septal defect tends to equal- 
ize pressures in the two ventricles during 
systole, and does so almost completely when 
the defect has an area greater than 1 sq. cm. 
per sq. m. of body surface.? Coexistent coare- 
tation of the aorta increases resistance to 
emptying of the left ventricle and tends to 
direct more blood through the septal defect 
left-to-right (fig. 1, left). This reduces the 
hypertension in the aortic arch and _ its 
branches usually associated with coarctation. 
Tn consequence, an impression may be given 
that the aortic obstruction is mild when in 
reality it may be severe or even complete. 

If there is also a patent ductus arteriosus 
opening proximal to the coarctation (fig. 1, 
lower right), the systemic and pulmonary cir- 
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Table 1 


Classification in Ventricular Septal Defect Asso- 
ciated with Coarctation of Aorta 


With normal positions of ascending aorta and pul- 
monary artery : 


Isolated ventricular septal defect with coarctation 
of aorta 


With patent ductus arteriosus joining aorta 
proximal to coarctation 


With patent ductus arteriosus joining aorta 
distal to coarctation 


With subaortie stenosis and patent ductus join- 
ing aorta distal to coarctation 

With abnormal positions of ascending aorta and 
puimonary artery 
Complete transposition 
Corrected transposition 
Origin of both great vessels from right ventricle 
Truncus arteriosus 


culations are in communication throughout 
the cardiac cycle and there tends to be an 
equalization of both systelic and diastolic 
pressures in the two circuits. This does not 
fundamentally alter the hemodynamics, how- 
ever, and these two situations are considered 
together. 

Table 2 gives data, including blood pres- 
sures as recorded by sphygmomanometer, 
from the seven cases of ventricular septal de- 
fect and coarctation of the aorta in which the 
ductus was closed and the five in which a pat- 
ent ductus joined the aorta proximal to the 
coarctation. 

Data on the anatomy of the aortic lesion 
were available in all cases, from either surgical 
or necropsy observation. In 10 the coarctation 
was of the usual type, causing severe obstruc- 
tion in seven and mild in three; in the elev- 
enth case the isthmus showed severe tubular 
hypoplasia; and in the remaining case the 
isthmus was represented only by a fibrous 
cord. 

The anatomy of the ventricular septal de- 
fect was known in seven cases, among which 
the position of the defects was usual in three, 
muscular in two, and high in two. 

The early clinical history in this group re- 
sembled that in any group of infants with 
large left-to-right shunts. Ten patients had 
recurrent respiratory difficulties in the first 
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Figure 1 


Left. Ventricular septal defect with coarctation of 
aorta and obliterated ductus arteriosus. Lower 
right. Pulmonary artery and aorta in which a 
patent ductus joins the aorta proximal to a coarc- 
tation. Upper right. Pulmonary artery and aorta 
in which a patent ductus joins the aorta distal to 
a coarctation. 


few months of life, variously diagnosed as 
pheumonia, ‘‘respiratory infection,’’ or asth- 
ma. These difficulties were overcome with 
increase of age by all but one patient (case 
1), who died when 3 months old. Other com- 
mon handicaps were retardation of physical 
development and excessive fatigability. 

On examination, a parasternal murmur 
from the ventricular septal defect was heard 
in each case. It was loud in all but case 10 
(where severe pulmonary vascular obstruction 
with a small left-to-right shunt was present), 
and was accompanied by a thrill in about 80 
per cent of the cases. Six patients also had 
an apical mid-diastolic murmur, but in none 
was a continuous murmur detected. In two 
cases the murmur was audible in the inter- 
scapular area; no case had clinically apparent 
collateral vessels. 

Blood pressure in the arms was high normal 
or mildly elevated in nine patients. In the 
other three (cases 7, 9, and 11) the brachial 
pressure was more definitely elevated, as 
measured either clinically or by catheteriza- 
tion. In case 11 surgical exposure showed the 
ventricular septal defect to be small. In case 7 
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Table 2 


Ventricular Septal Defect and Coarctation of Aorta, Isolated and with Proximal Patent Ductus Arterio- 
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Blood Blood Area _ Area ke 
pressure pressure Arterial Degree of Diameter of VSD, em.* 
in arms, in legs, pulsation coarctation of VSD, Surface 
Case Sex Age mm. Hg mm. Hg in legs (diameter) ductus em.2 area, M.- 
Isolated VSD and Coaretation of Aorta 
1 M_= 3 mo. * * * Severe nus eat eis 
2 Ff -22 mo. 125/75 80/2? Weak Severe (3 mm.) — = — 
3M 3 93r. 125/60 90/70 Absent Severe (1.5 mm.) 0.3 0.5 
4M «4 yr 140/80 80/60 Weak Severe — 0.8 1.33 
5 M 7 yr 134/80 Not recorded Normal Mild > 0.8 0.9 
6 M 8 yr 125/68 80/? Absent Severe (2 mm.) Minimal — — 
7. Mm aloe 150/110 Unobtainable Weak Complete — — — 
With PDA Proximal to Coarctation 
8 F 6 yr 120/80 125/90 Normal Duetus acting Narrow at 0.6 0.9 
as bypass pulmonary 
end 
9 F 9 yr. 156/104 Unobtainable Absent Atresia 20 mm. — — 
10 M 10 yr. 110/80 80/66 Weak Severe (3 mm.) 4 mm. -- —- 
a: 2 126 ee. 140/80 Not recorded Absent Tubular hypo- Narrow 0.6 0.4 
plasia (1 mm.) 
i2. Ff 20 yr. 120/80 Not recorded Normal Mild (7 mm.) Narrow 5.5 4.0 



























clinical examination and electrocardiography 
after repair of the coarctation indicated that 
the ventricular septal defect was small. In 
case 9 the pulmonary vascular resistance was 
so high that the ventricular shunt was right- 
to-left in spite of atresia of the aortic isthmus. 

Lack of pulsation in the legs proved to be 
a reliable indication of severe coarctation. In 
the three instances of mild coarctation pulsa- 
tion was normal, whereas it was diminished 
or absent in each of the other eight for which 
records are available. 

Radiologic appearances were similar to 
those in eases of uncomplicated septal defect. 
Slight to moderate cardiac enlargement was 
indicated by the cardiothoracic ratio, the con- 
tours suggesting left ventricular enlargement 
in eight cases, right ventricular enlargement 
in two, and biventricular enlargement in two. 
Central pulmonary vessels were enlarged in 
all, with diminution of peripheral vessels in 
four. The aortic knob was small in 10 cases 
and normal in two. No case showed a double 
contour due to prominence of the left atrium. 
Notching of the ribs was minimal in four 


*Pressures unobtainable because of terminal status of patient when seen. 


cases and absent in eight. In none was the 
coarctation visible. 

On electrocardiographic examination the 
axis was normal or deviated rightward. The 
P waves indicated left atrial enlargement in 
six cases and right atrial enlargement in three, 
and were normal in three. The QRS complex 
was interpreted as showing hypertrophy of 
both ventricles in 11 and hypertrophy of the 
left ventricle in one. The initial vector was 
clockwise in six and counterclockwise in four, 
two cases having complete right bundle- 
branch block. 

Hemodynamic studies were made of 10 pa- 
tients—by cardiac catheterization in eight, 
and in two (3 and 4) by pressure measure- 
ments at operation (table 3). All but one had 
normal or mildly elevated arterial pressure 
in the upper part of the body. When coarcta- 
tion was severe, the systolic pressure in the 
brachial (or radial) artery always exceeded 
the systolic pressure in the femoral artery. 
This relationship was not found in the three 
eases with mild obstruction of the aorta. 

If the ventricular septal defect was less 
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Table 3 


Ventricular Septal Defect and Coarctation of Aorta, Isolated and with Patent Ductus Proximal to Coarc- 
tation: Physiologic Data 


Blood oxygen 





























saturation, per cent Resistance, 
aie Agusta Pressures, mm. Hg Shunt, dynes sec. em.-5 
Case MV RV PA artery PA Radial Femoral per cent Pulmonary Systemic 
2* 53 64 64 96 55/30 110/55 80/40 L-R, 20 2300 5800 
3 -— _—- —- — — 115/61t 88/64t — ~— -— 
+ -— -- o -- 112/15} 109/14} 67/43 — ~- -- 
5* 72 85 87 97 42/7 120/87 116/77 L-R, 60 140 1900 
6* 65 76 76 87 100/60 — — L-R, 50 — — 
8* 65 77 76 83 100/65 130/75 — L-R, 65 800 2200 
9 62 64 64 79 124/83 129/77 96/79 R-L, 30§ 3200 2100 
10 a* 72 78 78 93 112/60 113/64 64/56 L-R, 30 — —_ 
b 69 72 78 92 123/66 134/66 - L-R, 40 1200 1350 
R-L, 20 
11 75 90 90 99 65/28 181/74 111/73 L-R, 60 250 1600 
12 66 84 86 97 115/47 115/61 — L-R, 60 650 1700 
*Data from catheterization done elsewhere. 
+From ascending and descending aorta at repair of coarctation. 
{From right and left ventricles and descending aorta at operation. 
§Direction from dye curves. 
Abbreviations: MV, mixed venous; PA, pulmonary artery; RV, right ventricle; —, not recorded. 
Table 4 
Ventricular Septal Defect, Coarctation of Aorta, and Distal Patent Ductus Arteriosus: 
Descriptions of Defects 
meee PS semua halen Coarctation of aorta _ ——_ 
Case detail Size Location Type Size arteriosus 
13. Necropsy Small Usual Usual; prox. to -- Large 
left subclavian 
14. Necropsy ‘9 mm. Usual Tubular hypoplasia ~- Large 
15 Necropsy 6 mm. Usual Interrupted arch ~- Large 
16 Necropsy 6 mm. Muse. Tubular hypoplasia 2 mm. Large 
17. Necropsy Small Muse. Tubular hypoplasia 1.5 mm. Large 
slits 
18 Necropsy 10 X 5 mm. Muse. Tubular hypoplasia 1 mm. Large 
19 Necropsy 10 X 3 mm. Usual Tubular hypoplasia 3 mm. Narrow 
20 =©©Operation ? ? Atretic isthmus 0 7 mm. 
21 Operation ? ? Atretic isthmus 0 6 mm. 
22* Necropsy 5 mm. Muse. Usual 2 mm. 2 mm. 
23 Operation Muse. Usual 5 mm. 3 mm. 
Necropsy (and A-V 
commun. ) 
24 Operation 11 & 16 mm. High de- Tubular hypoplasia 1 mm. 13 mm. 
fect ex- 
tending 
posteriorly 
25 Catheter. 
26 =©Operation 30 mm. Muse. Usual 
Necropsy 0 Large 





*Case 3 of Edwards and associates.* 
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Table 5 
l Defect, Coarctation of Aorta, and Distal Patent Ductus Arteriosus: Clinical Data 


Ventricular Septa 





P2,* PSM,+ 
Age at _B.P..mm.He Pulsation grade grade 


exam. - Arms Legs in legs (1-4) (1-4) Cyanosis Course 


M 12 hr. — 


_— — CHF§ 
F 3 days : 0 Terminal CHF 
F 3 days — - —_— — CHF 
M 4 days - - + at birth Terminal CHF 
0 terminally 
F 10 days — ~ } Terminal CHF 
F 10 days — Terminal CHF 
F 3 mo. 100! 0 — CHF 


Postop. 
death 
Alive 

aged 4 

— Terminal CHF 

F 2 yr. 120/80 Not Normal Postop. 

recorded death 

M yr. 120/65 100/70 Normal 


M 8 mo. 100760 Normal 
M F 120 


F 9% : 909 — 


Alive 
aged 9 
F 15 yr. 120/75 110/80 Normal : Alive 
aged 22 
Postop. 
death 


F 25 yr.. 125/45 ’ Normal 


*Intensity of pulmonic valve closure. 

tParasternal systolic murmur. 

tPressures unobtainable because of terminal status of patient when seen. 
§Congestive heart failure. 

||Obtained by flush technic. 

(Systolic. 


than 1 sq. em. per sq. m. of body surface septal defect and coarctation a large patent 
(cases 3, 5, 8, and 11), the pressure in the ductus arteriosus joins the aorta beyond the 
pulmonary artery was less than that in the obstruction (fig. 1, wpper right). The septal 
ascending aorta. Such cases tended to have a defect tends to equalize the systolic pressure 
somewhat higher arterial pressure above the in the left and right ventricles, while the pat- 
coarctation than below. The cases with a ent ductus tends to equalize pressures in the 
larger defect had virtually identical systolic pulmonary artery and descending aorta. As a 
pressures in the aorta and pulmonary artery. result there may be no significant pressure 
Under these circumstances, the relationship eradient across the coarctation. 

between the diastolic pressures coincided with In addition, the pulmonary artery blood 


the direction of shunt, the pressure being may have an abnormally high oxygen content, 
lower in the pulmonary artery when the shunt owing to the left-to-right shunt through the 
was left-to-right and lower in the systemic 
artery in the one case where the dominant 
shunt was right-to-left. 


ventricular septal defect; and this cireum- 
stance reduces the difference in oxygen sat- 
uration between aortic and pulmonary artery 
With Distal Patent Ductus Arteriosus blood. Its consequence is minimization of the 

The hemodynamic situation is strikingly differential of cyanosis between upper and 
altered if in addition to a large ventricular lower extremities, upon which clinical recog- 
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nition of right-to-left shunt through the duc- 
tus depends. 

Fourteen proved cases with this combina- 
tion of defects have been seen at the Mayo 
Clinic. Nine patients were females and five 
males. Four died during the first week of life, 
two in the second week, two more before the 
end of the first year, and two at 1 and 2 years 
of age. Three are still alive, now aged 4, 9. 
and 22 years; and one died following opera- 
tion at age 25. 

The chief pathologic features are summar- 
ized in table 4. In all cases the degree of aortic 
obstruction was severe, and in most the ductus 
was widely patent. Among the 11 in which 
the ventricular septal defect was examined, 
nine were large and two were small. 

Clinical details were scanty in some of the 
cases ended by death in early infancy, but 
there are fully adequate data from seven eases 
and fairly adequate from two more (table 5). 

Early respiratory difficulties occurred in 
13 of these 14 cases, and eight of the patients 
died from congestive heart failure. Three 
other deaths occurred immediately following 
attempted surgical repair. Except as a ter- 
minal event, generalized cyanosis was not 
seen. Questionable cyanosis of the toes was 
observed in only the two oldest patients (cases 
25 and 26), and none had unequivocal differ- 
ential cyanosis. None had more than minimal 
elevation of arterial pressure in the arms. 
Pulsation in the legs was regarded as normal 
in five cases. In case 19, absence of femoral 
pulsation was associated with narrow patency 
of the ductus; and in case 21 (as discussed 
below), the shunt through the ductus was 
probably left-to-right, although the opening 
into the descending aorta lay beyond a com- 
pletely atretic aortic isthmus. 

The parasternal murmur of ventricular 
septal defect was loud in all patients surviv- 
ing beyond infancy and was associated with 
moderate or marked accentuation of the pul- 
monary second sound. Five patients had also 
an early diastolic left parasternal murmur of 
pulmonary incompetence, and one had an ap- 
ical mid-diastolic murmur; but in no case was 
a continuous murmur heard. 
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Figure 2 


Case 25. Study of 19-year-old girl with ventricular 
septal defect, patent ductus arteriosus, and coarc- 
tation of aorta proximal to ductus. Demonstration 
by dye-dilution curves of a _ right-to-left shunt 
through the ductus and a coexisting left-to-right 
shunt through communication proved by oxygen 
saturation to be at the ventricular level. Following 
injection of dye into the right pulmonary artery, 
similar curves were obtained from radial and 
femoral arteries, indicating no shunt beyond that 
point. Following injection of dye into the main 
pulmonary artery, early-appearing dye was re- 
corded at the femoral artery but not at. the radial 
artery, indicating a right-to-left shunt beyond that 
point (patent ductus). Following injection of dye 
into the superior vena cava, early-appearing dye 
was again detected at the femoral artery but not 
at the radial artery, indicating no right-to-left 
ventricular shunt. 


The derivation of some or all of the blood 
supply to the lower part of the body from 
the pulmonary artery increases the quantity 
of blood passing through the ventricular sep- 
tal defect. Therefore, in patients with similar- 
sized ventricular defects, the systolic murmur 
tends to be louder in relation to the clinical 
evidence of severe pulmonary hypertension 
than it does in isolated ventricular septal de- 
fect with comparable pulmonary hypertension. 

Thoracic roentgenograms were available in 
eight cases (numbers 16 and 20 to 26). All 
showed slight to moderate increase in trans- 
verse diameter of the heart. The pulmonary 
artery was prominent in seven, the central 
vessels were enlarged in all, and the periph- 
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eral pulmonary vessels were enlarged in seven 
and diminished in one. The aortic knob was 
not defined in any, none showed notching of 
the ribs, and the coarctation was never visible 
roentgenographically. 

Electrocardiograms were available in nine 
cases (numbers 14, 16, and 20 to 26). The 
axis was normal or deviated rightward in five, 
and deviated leftward in four. The P wave 
was normal in three. The QRS complexes 
showed biventricular enlargement in six, right 
ventricular enlargement in two, and left ven- 
tricular hypertrophy in one. The initial vec- 
tor was clockwise in six and counterclockwise 
in three, including one patient whose ven- 
tricular septal defect was of the atrioventric- 
ular canal type and whose axis was —30°, with 
an RR’ pattern in V;. 

Full data from cardiac catheterization was 
available for four cases (21, 24, 25, and 26) 
(table 6). In case 21 the identity of oxygen 
saturation in radial artery and femoral artery 
blood excluded a large right-to-left shunt 
through the ductus; and the absence of addi- 
tional arterialization in pulmonary artery 
blood made a large left-to-right flow through 
the ductus unlikely, although data obtained 
during breathing of oxygen suggested that 
the shunt tended to be in this direction. This 
evidence that the relatively small ductus in 
this case was not of great hemodynamic sig- 
nificance was supported by the presence of a 
pressure gradient across the coarctation, 
which in this ease was specifically an atretic 
aortic isthmus. 

In the three other cases there was a definite 
right-to-left shunt through the patent ductus. 
The diastolic pressure was similar in the pul- 
monary, radial, and femoral arteries. Systolic 
pressures in the right ventricle were closely 
similar to those in the pulmonary artery, but 
in each instance the systolic pressure recorded 
at the radial artery was considerably higher 
(+24 to +34 mm. Hg). As the systolic pres- 
sure in the left ventricle almost certainly was 
closely similar to that in the right, the higher 
systolic pressure at the radial artery probably 
represents the usual amplification of systolic 
pressure that occurs during transmission of 


All show 


L-R shunt 


Comment 
moderate 
L-R shunt 


Radial 
Radial 
Femoral 


Sampling 


5%. 


4 


at radial, R-L 15%; 


at radial, L-R only; 
at femoral, R-L 


Dye Curves 





at femoral, R-L 40%. 


Injection 
SVC, RV, PA 
SVC, RV, RA 
From PA: 
From RV: 


»% 


Shunt, 


L- 








Femoral 





% Pressures,* mm. Hg 


Vv 
*Each group of pressures recorded simultaneously. 





PA Radial Femoral 


Blood oxygen saturation, 
RV 











tPressure from descending aorta via catheter passed through ductus. 


tPressure from needle in femoral artery. 
SVC, superior vena cava; RPA, right pulmonary artery. 
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the arterial pulse to the periphery (Kroeker 
and Wood),* perhaps exaggerated by the 
comparatively small capacity of the vascular 
bed of the upper body. 

Values for oxygen saturation at various 
sites in the right heart showed evidence of 
arterialization at the ventricular level in each 
case. The left-to-right ventricular shunt was 
small in case 24 but very large in cases 25 
and 26. A right-to-left shunt through the duc- 
tus was demonstrated in each case, both by 
saturation data and by dye-dilution curves. 

Figure 2 illustrates a typical group of dye- 
dilution curves taken from case 25. Following 
injection of dye into the right pulmonary 
artery, curves recorded from the radial and 
the femoral arteries demonstrated a left-to- 
right shunt only. When injection was made 
into the main pulmonary artery, however, a 
large right-to-left shunt was indicated by the 
curve recorded at the femoral artery but not 
by that recorded at the radial artery. When 
the injection was made into the superior vena 
cava, the curve from the radial artery again 
failed to show early-appearing dye, indicating 
that no right-to-left shunt was occurring via 
the ventricular septal defect. This indicated 
that the shunt through the ventricular septal 
defect was purely in the left-to-right direction 
and that the systemic vascular .resistance in 
the upper body was higher than the resultant 
of the parallel resistances of the pulmonary 
vasculature and the resistance to blood flow 
to the lower body via the ductus. The large 
right-to-left shunt of approximately 50 per 
cent through the ductus suggested that the 
vascular resistance in the lower body was 
less than or similar to the pulmonary vascular 
resistance. 

In the presence of both a ventricular septal 
defect and a patent ductus arteriosus one 
would expect the predominant shunt to be in 
the same direction through both defects, un- 
less there is an obstruction to flow between 
the left ventricle and the site at which the 
ductus joins the aorta. If no such obstruction 
exists and if the pulmonary resistance is less 
than the systemic resistance, both shunts will 
be predominantly left-to-right. If pulmonary 


Circulation, Volume XXIV, December 1961 





Figure 3 

Subaortic stenosis associated with ventricular sep- 
tal defect. The aortic arch is interrupted, and 
the descending aorta is continuous with a patent 
ductus. The left subclavian artery arises from the 
descending aorta and the right subclavian artery 
from the right pulmonary artery, being continu- 
ous with a right ductus. 


resistance is greater than systemic, both 
shunts will be predominantly right-to-left. 
Therefore the combination of a predominant 
left-to-right ventricular shunt and a predom- 
inant right-to-left shunt through the ductus 
must mean that an obstruction exists between 
the left ventricle and the point where the 
ductus joins the aorta. This obstruction could 
be at or below the aortic valve, but most often 
it is a coarctation of the aorta. 

Recognition of the existence of coarctation 
by this indirect evidence is of great impor- 
tance if the ventricular septal defect is to be 
repaired with use of extracorporeal circula- 
tion. In these circumstances, after ligation of 
the ductus the coarctation will hinder or pre- 
vent perfusion of the head or the lower body, 
depending upon the position of the perfusing 
arterial cannula. 


Both aorta and pulmonary artery arise from the 
right ventricle. The coarctation is proximal to a 
patent ductus. The origin of the right subclavian 
artery is anomalous, at i! arises from the descend- 
ing aorta distal to the left subclavian and proximal 
to the coarctation. 


With Distal Patent Ductus Arteriosus and Subaortic 
Stenosis 

The addition of subvalvular obstruction in 
the left ventricle (fig. 3) to the situation con- 
sidered in the previous section increases the 
embarrassment of the circulation by directing 
more blood to the pulmonary circuit and lower 
body and making precarious the blood supply 
to the head and neck. Four cases in this cat- 
egory have been described in detail elsewhere ;° 
and in all, seven examples now have been seen 
in this institution. In six of these, the ven- 
tricular septal defect was high, lying imme- 
diately below the pulmonary valve; and all 
had obstructive anomalies of the aortic arch 
and its branches in addition to subvalvular 
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Figure 5 

A single artery (truncus arteriosus) arises from 
the heart. Beyond the origin of the pulmonary 
artery the ductus continues into the descending 
aorta. There is no structure representing aorta 
between the origin of the common carotid arteries 
and the origin of the subclavian arteries from the 
descending aorta. 


obstruction. The aortic valve was bicuspid in 
all seven cases. 

Five of these patients died in the first 2 
weeks of life, and the longest survival was 2 
months. Most died in congestive heart failure ; 
but one had a synecopal death, possibly related 
to inadequate cerebral perfusion. 


Cases with Abnormal Positions of Ascending 
Aorta and Pulmonary Artery 


Five patients, one an infant and four aged 
from 2 to 14 years, have presented with some 
form of transposition of the great vessels (fig. 
4). These include a ease described by Alcott 
and associates® as an example of the Taussig- 
Bing complex but which may be considered 
an example of complete transposition with the 
pulmonary trunk overriding a large ventricu- 
lar septal defect. In each case, in addition to 
a defect of the ventricular septum and coarc- 
tation of the aorta, the ductus arteriosus was 
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patent and joined the aorta distal to the 
coarctation. 

The predominant direction of blood flow 
through abnormal communications between 
the ventricles or between the great vessels is 
determined by the relative resistances of the 
available pathways, as noted in the previous 
section. If there are communications at ven- 
tricular and at arterial levels, shunting will 
be in the same direction at both sites unless 
there is additional resistance or obstruction 
to one pathway. A left-to-right shunt at one 
level associated with right-to-left shunt at the 
other implies the existence of coarctation or 
obstruction in the outflow tract, whatever the 
arrangement of the great vessels may be. 
When in this situation the aorta arises from 
the right ventricle to supply the upper part 
of the body, and the pulmonary artery arises 
from the left ventricle to supply the lungs 
and the lower part of the body, a higher oxy- 
gen saturation will be found in the arteries 
of the lower part of the body than in those 
of the head and arms. Another situation that 
can produce this phenomenon of reversed dif- 
ferential cyanosis is composed of transposition 
of the great vessels, patent ductus, and a pul- 
monary vascular resistance higher than the 
systemic resistance. 

In corrected transposition of the great ves- 
sels, the aorta and, pulmonary artery arise 
from their proper ventricles, although abnor- 
mally positioned. In itself, this abnormal posi- 
tion does not affect the hemodynamics, which 
instead are determined by the associated ab- 
normalities in the same way as with normally 
positioned vessels. 

Besides the five cases mentioned above, 
there was one example of persistent truncus 
arteriosus associated with interruption of the 
aortic arch (fig. 5). The patient was a female 
infant who died at 9 months of age. It was 
found that a single vessel emerged from the 
right ventricle and gave off a short branch 
that divided into right and left common ¢a- 
rotid arteries. The main vessel then gave off 
two pulmonary arteries and continued as the 
ductus to the descending aorta, from which 
the subclavian arteries arose. Thus there was 
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no structure representing the aorta between 
the origin of the common carotid arteries and 
the descending aorta. 

It is noteworthy that there was no case in 
which coarctation of the aorta was associated 
with the tetralogy of Fallot. 


Summary and Conclusions 

The association of coarctation of the aorta 
with ventricular septal defect does not modify 
the accuracy of recognition of the septal de- 
fect. But the defect does provide an alterna- 
tive pathway for the escape of blood from the 
left ventricle, thereby tending to minimize 
hypertension in the upper part of the body. 
Along with this, the radiologic evidence of 
coarctation is minimized or obscured and elec- 
trocardiographic changes resemble those in 
isolated ventricular septal defect. A substan- 
tial pressure gradient between upper and 
lower body, however, is a reliable indication 
of the existence of a severe degree of coarcta- 
tion. 

These considerations are not importantly 
affected by coexistence of a patent ductus 
arteriosus joining the aorta above the coarcta- 
tion. Should a ductus join the aorta at the 
site of coarctation, it will either have the effect 
of bypassing the coarctation or will behave 
functionally as though it joined the aorta 
proximal or distal to the obstruction. 

When in the presence of a ventricular sep- 
tal defect and coarctation of the aorta a large 
patent ductus arteriosus joins the aorta be- 
yond the coarctation, the pressure above and 
below the coarctation may be almost the same. 
The ventricular septal defect tends to equal- 
ize the systolic pressure in the two ventricles, 
so that the pressures in the pulmonary artery 
and descending aorta are very similar. The 
lower body may be supplied partially or com- 
pletely by blood from the pulmonary artery. 
The oxygen saturation of blood in the pul- 
monary artery is abnormally high because of 
the shunt through the ventricular septal de- 
fect, and so the difference in oxygen satura- 
tion between the upper and lower body may 
be very small. In consequence, both the co- 
arctation and the patent ductus may escape 
recognition on clinical grounds. 
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The demonstration at cardiac catheteriza- 
tion of a difference in arterial oxygen satura- 
tion between the upper and lower body and 
the confirmation by dye-dilution technics or 
angiocardiography of the coexistence of a 
left-to-right ventricular shunt and a right-to- 
left arterial shunt establish the presence of 
obstruction between the outflow tract of the 
left ventricle distal to the ventricular septal 
defect and the entry of the ductus into the 
aorta. 

The hemodynamie situation produced when 
ventricular septal defect and coarctation of 
the aorta form part of more complicated com- 
binations of defects is discussed briefly. 
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In tke experimental sciences, great men are never the promoters of absolute and 
immutable truths. Each great man belongs to his time and ean come only at his proper 
moment, in the sense that there is a necessary and ordered sequence in the appearance 
of scientific discoveries. Great men may be compared to torches shining at long intervals, 
to guide the advance of science. They light up their time, either by discovering unex- 
pected and fertile phenomena which open up new paths and reveal unknown horizons, 
or by generalizing acquired scientific facts and disclosing truths which their predecessors 
had not perceived. If each great man makes the science which he vitalizes take a long 
step forward, he never presumes to fix its final boundaries, and he is necessarily des- 
tined to be outdistanced and left behind by the progress of successive generations. Great 
men have been compared to giants upon whose shoulders pygmies have climbed, who 
nevertheless see further than they —C.LAupDE BerNarD. An Introduction to the Study of 
Experimental Medicine. New York, The MacMillan Company, 1927, p. 42. 
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Arteriosclerotic Vascular Disease and Testicular Fibrosis 


By Freperic G. Dauuporr, M.D. 


HE PURPOSE of this paper is to report 

an interesting inverse relationship be- 
tween arteriosclerotic vascular disease and 
advanced testicular fibrosis. In recent years 
increasing attention has been paid to the 
possible role of gonadal hormones in the path- 
ogenesis of arteriosclerosis.1.? It has long 
been suspected that high estrogen levels pro- 
tect premenopausal women from the develop- 
ment of arteriosclerosis.*»* More recently, 
evidence has been presented that suggests 
these hormones may play a similar role in 
men.® Progressive testicular fibrosis is a con- 
dition thought to occur more frequently in 
older men. Occasionally it is associated with 
a known cause (i.e., cirrhosis of the liver, 


long-term estrogen therapy), but in most cases 
its etiology remains obscure.*® 


Materials and Methods 


The records of the Department of Pathology at 
the University of North Carolina School of Medi- 
cine contain completed protocols of 442 autopsies 
performed on men older than 35 years from Janu- 
ary 1, 1955 through December 31, 1959. In order 
to study a more meaningful sample it was decided 
to exclude from this study all cases with known 
predisposing factors for or causes of either testic- 
ular fibrosis or vascular disease. The clinical 
summaries and autopsy protocols were reviewed 
and 185 cases were excluded at the start of the 
study for the following reasons: 112 patients had 
antemortem clinical diagnosis of hypertension; 24 
patients had diabetes mellitus; 28 patients had 
cirrhosis of the liver; one patient had Marfan’s 
syndrome; one patient had disseminated lupus 
erythematosus; one patient had tuberculosis of the 
testes; two patients had tumor tissue infiltrating 
the testes; one patient had had mumps orchitis; 
one patient had hemochromatosis involving the 
testes ; two patients had received stilbestrol therapy 
for carcinoma of the prostate; one patient had 
previously undergone bilateral orchiectomy; in 10 
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eases the autopsies were limited; and the age of 
one patient was unknown. 

The protocols of the remaining 257 cases were 
reviewed with special attention to the cause of 
death and the degree of arteriosclerosis in the 
coronary, cerebral, and systemic arteries and the 
aorta. All eases were classified into five groups 
according to the severity of arteriosclerotie vascu- 
lar disease described. Group 1 consisted of those 
patients showing minimal atherosclerosis with only 
smooth yellow plaques in their elastic aortas and 
minimal or no intimal thickening of the cerebral 
and coronary arteries. Group 2 consisted of those 
patients showing moderate arteriosclerosis. Their 
aortas usually contained some calcified as well as 
yellow intimal plaques. Elasticity of the aorta 
was often still preserved to some degree and 
the coronary or cerebral arteries, or both, were 
only moderately narrowed. Group 3 consisted 
of those patients with severe arteriosclerotic 
disease of the aorta or cerebral or coronary 
arteries. Their aortas had poor elasticity and 
usually showed many gritty and roughened intimal 
plaques. The coronary and cerebral arteries were 
markedly narrowed and with many, often gritty, 
intimal plaques. Group 4 contained those pa- 
tients who not only had severe arteriosclerosis 
of the aorta or coronary or cerebral arteries 
but who also showed definite lesions caused by 
this disease (i.e., myocardial or cerebral infarcts, 
peripheral arterial insufficiency with gangrene, 
arteriosclerotic aneurysms). Group 5 comprised 
those patients who died of arteriosclerotic vascu- 
lar disease as a result of vascular insufficiency or 
hemorrhage from an arteriosclerotic vessel. All 
decisions regarding suitability of cases and degree 
of arteriosclerosis were made without knowledge 
of the testicular findings. The ages of the patients 
were recorded and the cases arranged in 5-year 
age groups (table 1). 

The routine hematoxylin and eosin sections of 
the testes were obtained from the autopsy files. 
In the majority of cases a section of only one 
testis had been submitted. The testicular material 
was inadequate in 58 cases. The final sample was 
199 patients. 

Results 
Histologic Findings 

Many of the sections of testes in all age 

groups were essentially normal. The semi- 


niferous tubules were large and lined by 
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active germinal epithelium. Their lumina 
contained mature sperm. The peritubular 
fibrous membranes were thin and delicate. 
There were occasional small clusters of a few 
Leydig cells scattered throughout the sections. 
In a few instances the Leydig cells were in- 
creased in number in an otherwise normal 
testis. 

Other sections had changes that were in- 
terpreted as representing early atrophy and 
fibrosis. In some testes there was only diffuse 
minimal thickening of the peritubular fibrous 
membranes. In others there was diffuse 
atrophy of the germinal epithelium which was 
made up predominantly of Sertoli cells. In 
many sections a small percentage of the tu- 
bules was hyalinized, whereas the remaining 
tubules appeared normal or had only slight 
peritubular fibrosis. The Leydig cells were 
often increased in number in the sections with 
early fibrosis but this was not a constant find- 
ing. Atrophy of the germinal epithelium, 
minimal thickening of the peritubular fibrous 
membranes, or minimal focal hyalinization of 
the seminiferous tubules was not interpreted 
as being indicative of long-standing, progres- 
sive testicular fibrosis. The normal testes and 
those showing minimal changes were there- 
fore considered together as one category. 

Forty-four of the 199 cases had changes 
that were interpreted as representing ad- 
vanced atrophy and fibrosis. Some testes 
showed marked, diffuse thickening of the peri- 
tubular fibrous membranes and widespread 
atrophy of the germinal epithelium. In a 
few instances extensive areas of hyalinized 
tubules were interspersed with clusters of 
large, normal-appearing seminiferous tubules. 
When one half or more of the tubules were 
hyalinized, those cases were arbitrarily placed 
with those of advanced diffuse fibrosis. The 
most severely involved organs showed almost 
complete hyalinization of all tubules with 
large aggregates of Leydig cells. The number 
of Leydig cells per microscopic field was usu- 
ally inereased in testes showing advanced 
fibrosis. In cases where sections of both testes 
were available (66 cases) and the degree of 
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fibrosis varied from one to the other (8 cases) 
the testis that was least involved was used for 
the final histologic classification. 


Correlation between Severity of Arteriosclerotic 
Vascular Disease and Advanced Testicular Fibrosis 

The results are presented in table 1. Of the 
155 patients with normal or minimally fibrotic 
testes, 47 (30.3 per cent) had complications 
of arteriosclerotic vascular disease (groups 4 
and 5), and 36 (23.2 per cent) died of those 
complications. Of the 44 patients with ad- 
vaneed testicular fibrosis, four (9.1 per cent) 
showed complications of arteriosclerotic vas- 
cular disease (groups 4 and 5) and only one 
(2.3 per cent) died of this disease. The inci- 
dence of complications of arteriosclerotice vas- 
cular disease (groups 4 and 5) among patients 
free of testicular fibrosis is significantly higher 
than the incidence of complications of arterio- 
sclerotic vascular disease (groups 4 and 5) 


among those patients with advanced testicular 
fibrosis. 


groups groups 
4and5 1-3 
Normal testes 47 108 155 
Fibrotie testes 4 40 $4 
51 148 199 


x° = 7.04; 0.01> p >0.005.° 


Since the only individuals in this study 
who are known to have had progressive ar- 
teriosclerotic vascular disease at the time of 
death are those who died of the disease (group 
5), it is of interest that all but one of these 
37 men (97 per cent) had little or no testicu- 
lar fibrosis. 

Discussion 

The data presented here show a striking in- 
verse relationship between arteriosclerotic 
vascular disease and idiopathic testicular fi- 
brosis, but they do not explain the reason 
for this correlation. There are at least three 
possible explanations. 

I. One possibility is that these conditions 
are related, as cause and effect. Perhaps older 
individuals with atrophic testes produce less 
androgenic hormones and these hormones in 
some way influence the development of ar- 
teriosclerosis. This does not seem likely. There 
is often an apparent increase in the number 
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of Leydig cells associated with testicular fibro- 
sis. The influence of androgens on the develop- 
ment of atherosclerosis has not been clearly 
demonstrated.® 1° Indeed, there is some evi- 
dence that they play no role at all.'! 

II. Another possible explanation is that the 
inverse relationship between testicular fibrosis 
and arteriosclerotic vascular disease is due to 
the patient’s general state of nutrition. As 
ean be seen in table 1, the individuals with 
advanced testicular fibrosis have a higher in- 
cidence of poor nutrition or cachexia, as de- 
scribed at autopsy, than do the individuals 
with minimal or no testicular fibrosis. It is 
also apparent that there are fewer obese pa- 
tients, as described at autopsy, in the group 
with testicular fibrosis. If the general state 
of nutrition was the controlling factor in both 
conditions, then by studying a limited sample 
composed of patients who were described as 
being ‘‘well nourished’’ but not ‘‘obese,’’ the 
observed correlation should no longer exist. 
These restrictions would bring the total sam- 
ple to 124 cases, 20 with testicular fibrosis and 
104 without. Of the 104 patients with normal 
or minimally fibrotic testes, 34 (32.7 per cent) 
had complications of arteriosclerotic disease 
(groups 4 and 5). Of the 20 patients with 
fibrotic testes, two (10 per cent) showed com- 
plications of arteriosclerotic disease (groups 
4 and 5). Thus, the relative incidence of 
complications of arteriosclerotic vascular dis- 
ease remains the same in both groups, even 
when the variable of general nutritional status 
is removed. 

III. The last, and most attractive, hypothe- 
sis is that testicular fibrosis and the decreased 
incidence of arteriosclerotic vascular disease 
are separate manifestations of long-standing 
high levels of circulating estrogenic hormones. 
Many investigators believe that high levels of 
estrogenic hormones protect individuals from 
the development of arteriosclerosis. This was 
first observed in women* * and has more re- 
cently been demonstrated in men.5 Men and 
women who are free of symptomatic arterio- 
sclerotic vascular disease excrete greater 
amounts of biologically active estrogenic hor- 
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mones in their urine than do those individuals 
suffering from myocardial infarction. When 
large doses of estrogens are given to indi- 
viduals suffering from arteriosclerotic vascu- 
lar disease, the levels of blood cholesterol de- 
erease and the levels of phospholipids rise.!* 
Some investigators consider, however, that 
physiologic doses of these hormones have no 
influence on cholesterol or phospholipid blood 
levels.18 

The association of testicular atrophy and 
advanced cirrhosis of the liver has long been 
recognized and is believed to be the result of 
prolonged exposure to high levels of circulat- 
ing estrogens.1* Patients who have been given 
long-term estrogen or stilbestrol therapy for 
carcinoma of the prostate or arteriosclerotic 
vascular disease develop progressive peritubu- 
lar fibrosis and atrophy of the testes,!*: 15: 16 

These observations of others suggest that 
the phenomenon observed here is merely the 
result of the presence of a spontaneous high 
level of circulating estrogenic hormones. When 
an abnormal high level of estrogenic hormones 
persists for a long period of time, it may well 
arrest the development or progression of ar- 
teriosclerosis and at the same time produce 
progressive testicular fibrosis. It should be 
emphasized that not all cases of testicular 
fibrosis can be attributed to high levels of cir- 
culating estrogenic hormones. Patients who 
have testicular fibrosis and sterility associated 
with Klinefelter’s syndrome evidently do not 
excrete excessive amounts of estrogenic hor- 
mones.'*;18 Further direct studies are indi- 
cated before any conclusions can be reached. 


Summary 

The autopsy protocols and sections of the 
testes were examined in a group of 199 men 
over the age of 35 years who were free of 
known causes of either vascular disease or 
testicular fibrosis. In 44 (22 per cent) of the 
eases, testicular sections showed marked fibro- 
sis of the peritubular membranes or complete 
hyalizization. Testes of the remaining men 
showed minimal or no signs of testicular fibro- 
sis. Of these 155 patients with normal or 
minimally fibrotic testes, 47 (30.7 per cent) 
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had complications of arteriosclerotic vascular 
disease (i.e., myocardial or cerebral infarcts, 
arteriosclerotic aneurysms, ete.) and in 36 
eases (23.5 per cent) those complications were 
considered to be the cause of death. Of the 
44 cases with advanced testicular fibrosis, four 
(9.1 per cent) had complications of arterio- 
sclerotic vascular disease and only one patient 
(2.2 per cent) died of the disease. An inter- 
pretation of these findings is presented. 
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Nature, Science and Understanding 

I believe most simply in the nobility of this great effort to understand nature, and 
(understand) what we can of ourselves, that is science. I hope, less simply, that it may 
be a brave and worthy chapter of man’s history to cope, with a full awareness of the 
frailty of his institutions, of his society, and of himself, with the new problems and 
new choices that this knowledge has opened. For, if we do not treasure the great in- 
heritance on which all our work and life are based, and understand the radical novelty 
and the gravity of the situation in which we find ourselves, there will be few of our 
children to ask again of the need for new knowledge—Dr. Ropert OPPENHEIMER. The 
American Scientist, Vol. 47, p. 212A, September 1959. 
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The Natural History of Isolated Ventricular Septal Defect 
A Serial Physiologic Study 


By Russeuu V. Lucas, Jr., M.D., Pau Apams, JRr., M.D., 
Ray C. Anperson, M.D., Niconaas G. Meyng, M.D., C. Wauron LILLEHEI, M.D., 
AND RicHarp L. Varco, M.D. 


HE ADVENT of curative surgery for 

the patient with ventricular septal defect 
has emphasized the need for a more precise 
knowledge of the natural history of this 
anomaly. Despite numerous studies in the last 
few years, many factors relating to the nat- 
ural history of ventricular septal defects re- 
main incompletely defined. 

The diversity in clinical course of patients 
with isolated ventricular septal defect is par- 
ticularly enigmatic. This problem has been 
partially clarified by clinical, physiologic, and 
pathologic studies by many workers, includ- 
ing Dammann and Ferenez! and Adams and 
associates,? who related the clinical symptoma- 
tology to the changes in the pulmonary vas- 
cular bed. Work by Edwards,’ and Ferguson 
and associates,t and Wagenvoort® has more 
precisely defined the structural changes oc- 
eurring in the lung subjected to the stress of 
increased flow and pressure. Understanding 
was further advanced by these workers 
through their assessment of the postnatal 
ehanges occurring in the pulmonary vascular 
tree in normal infants.4~* 

A consideration of the hemodynamic conse- 
quences of an isolated ventricular septal de- 
fect should begin with a brief review of 
certain characteristics of fetal and neonatal 
circulatory systems. In the fetal state, pulmo- 
nary blood flow approximates only 10 per cent 
of the total cardiac output. Since pressures 
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in the two ventricles are believed to be equal, 
the total pulmonary resistance must therefore 
substantially exceed the total systemic resist- 
ance.® At birth, total pulmonary resistance 
drops immediately and profoundly following 
expansion of the chest and replacement of the 
intra-alveolar fluid with air. These mecha- 
nisms reduce the extramural pulmonary 
vascular pressure, permitting intramural 
pressure to distend the arterioles of the pul- 
monary vascular bed. This distention is 
largely responsible for the immediate fall in 
the total pulmonary resistance. To be sure, 
the neonatal pulmonary arteriole still charac- 
teristically possesses a marked degree of 
medial thickening.® * 

Anatomic studies reveal that with time, and 
in the absence of cardiovascular anomalies, 
the prominent media of these thick-walled 
arterioles atrophies and the diameter of the 
lumina concomitantly increases. This transi- 
tion is thought to be largely complete in the 
normal infant at 2 to 6 months of age.®*7 As 
a result of these anatomic changes (i.e., ma- 
turation), a further fall in total pulmonary 
resistance occurs. Studies by Wagenvoort and 
associates,!® Ferguson et al.,4 and Lucas and 
associates! suggest, however, that the matura- 
tion of the pulmonary vascular bed is not 
complete at 1 year, but continues through the 
first 4 years of life. The corresponding fall 
in total pulmonary resistance mirrors this 
histologic maturation of the pulmonary vas- 
cular bed during the period from birth 
through 4 years.™ 

An isolated ventricular septal defect im- 
parts a stress, in the form of increased pul- 
monary arterial pressure and increased pul- 
monary blood flow, that may alter the normal 
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Table 1 
Incidence of Associated Defects 


Isolated ventricular septal defect 40 
Ventricular septal defect + coarctation of aorta 5 


Ventricular septal defect + patent ductus 
arteriosus 7 


Ventricular septal defect + corrected transposition 4 
Ventricular septal defect + ‘‘acquired’’ 


pulmonary stenosis* 5 
Ventricular septal defect + atrial septal defect 2 
Multiple ventricular septal defects 1 
Total 64 


*The precise mechanism of this phenomenon of 
‘*aequired’’ pulmonary stenosis in ventricular septal 
defect is not known. Hence, these patients are con- 
sidered separately, though they may represent yet 
another possible response in the patient with an 
isolated septal defect. 


maturation of the pulmonary vascular bed. 
Clinical and physiologic observations at many 
eardiae centers indicate the benignity of the 
small defect ; hence we can conclude that the 
small lesion imposes minimal stress. But the 
effect on the primary vascular bed of a large 
ventricular septal defect, and the very defi- 
nition of a ‘‘large’’ defect, are not so easily 
determined. 

In the neonate with a ‘‘large’’ defect, the 
initial fall in pulmonary resistance allows 
massive pulmonary blood flow, and indeed 
many of these infants suecumb from the re- 
sultant failure of the left ventricle.12-) 
Should the infant survive this critical period, 
his condition may spontaneously improve 
toward the end of the first year of life. Dam- 
mann and Ferencz,! on the basis of careful 
correlation of clinical, anatomic, and physio- 
logic data, have demonstrated a stage of se- 
vere congestion followed by a period of rela- 
tive absence of symptoms. After varying 
intervals, cyanosis developed in some of their 
patients. The pulmonary vascular bed, in the 
opinion of these authors, is responsible for 
this triad of clinical stages. They have con- 
eluded that the normal initial increase in the 
diameter of the pulmonary arteriole allows 
massive pulmonary blood flow and results in 
severe congestion. With time, anatomic altera- 
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Figure 1 


Mean pulmonary arterial pressure in normal in- 
fants and children. The mean value is about 12 
mm. Hg and does not vary significantly with 
changing size. Use of age in place of surface 
area on the horizontal axis did not alter this 
grouping. (From Lucas et al.t! Reproduced with 
permission ). 


tions (medial hypertrophy and intimal pro- 
liferation) decrease the lumen of the pulmo- 
nary arteriole. The resultant decrease in the 
pulmonary blood flow brings about the period 
of relative freedom from symptoms. If the 
lumen diameter of the pulmonary arterioles 
decreases to the point at which pulmonary 
resistance exceeds systemic resistance, right- 
to-left shunting and cyanosis occur. 

Only some patients progress through all 
three of these stages. As noted, many fail to 
survive the period of congestion. Others ap- 
pear to maintain a high pulmonary resistance 
from birth, with early and persistent cyanosis. 
Edwards*® has suggested that these patients 
have failed to achieve any normal maturation 
of their pulmonary arterioles. Occasional pa- 
tients become cyanotic in later childhood 
without appreciable prodromal symptoms. 

Alternative explanations have also been 
advanced for the spontaneous improvement 
in congestive symptoms seen in infancy. 
Gasul and associates!® observed development 
of ‘‘aequired pulmonary stenosis’’ in patients 
with ventricular septal defect. It has been 
suggested!7 18 that the relative size of the 
ventricular septal defect may decrease. These 
phenomena could, of course, allow clinical 
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Figure 2 
Pulmonary blood flow in normal infants and 
children in ml. per second. A gradual increase 
occurs with increasing age (From Lucas and 
associates.11 Reproduced with permission.) 


improvement without a change in the pulmo- 
nary vascular bed. The variety of clinical 
courses, and the different theories advanced 
to explain these variations have led to con- 
flicting opinions about the natural history and 
treatment of isolated ventricular septal defect. 

This report attempts through serial studies 
to define the physiologic courses followed by 
a group of patients with isolated ventricular 
septal defects. 


Material and Methods 


Table 1 lists the cardiac defects present in 64 
patients who underwent two or more physiologic 
studies prior to surgical intervention. This report 
is limited to the 40 patients who gave evidence 
onlv ef isolated ventricular septal defect. To elim- 
inate complicating variables we have excluded 
from consideration the other 24 patients who 
presented a variety of cardiac anomalies in addi- 
tion to this defect. The age of the patients with 
isolated ventricular septal defect at the time of 
right-sided heart catheterization ranged from 3 
months to 16 years. The interval between catheteri- 
zations varied from 6 months to 714 years. All 
eatheterizations at the University of Minnesota 
were performed without premedication and with 
local anesthesia only. Pressures were obtained by 
means of the Statham strain-gage model no. P23G 
and were electronically integrated. Oxygen deter- 
minations were performed by the method of Van 
Slyke. 

In patients older than 5 years of age oxygen 
consumption was measured by means of a 
Benedict-Roth spirometer. In younger patients, 
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Figure 3 
Total pulmonary resistance in normal infants and 
children. Note the rapid decrease in total pul- 
monary resistance in the first 2 years and achieve- 
ment of essentially “normal” adult values at about 
4 years of age. (From Lucas and associates." 
Reproduced with permission). 


the oxygen consumption was calculated by an 
assumed basal value of 172 ml. of oxygen per 
square meter per minute. Pulmonary blood flow 
was computed with the Fick principle, and total 
pulmonary resistance was caleulated as follows: 
TPR = meen pulm. pressure in mm. Hg X 1332 





pulmonary flow in ml. per second 

Thirty-two of the patients with isolated ven- 
tricular septal defect have undergone operation 
for complete surgical correction of the anomaly. 
In nine of these patients at autopsy, and for the 
remainder at the time of operation, the location 
and size of each defect were carefully noted. In 
the eight remaining eases, the diagnosis of iso- 
lated ventricular septal defect has not been con- 
firmed surgically or at necropsy. 

Heart catheterization was performed in nine 
patients at a postoperative interval of 7 to 24 
months, with an average of 13 months. 

Values for total pulmonary resistance, pul- 
monary blood flow, and pulmonary pressure ob- 
tained from catheterization studies on normal 
infants and children are shown in figures 1 to 
3.11 These values, which appear also in subsequent 
figures as points of reference, form the basis of 
the physiologic groupings devised for these pa- 
tients with isolated ventricular septal defect. 


Results 
The patients with isolated ventricular sep- 
tal defect have been grouped initially accord- 


ing to the level of total pulmonary resistance 
at each catheterization. They have been di- 
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Relation of defect size to the ratio of pulmonary 
and systemic systolic pressures. In general, the 
larger the defect, the greater the ratio of pulmo- 
nary to systemic pressure. Those patients with 
defects measuring less than 1 cm. per M.* of body 
surface area have the lowest ratio of pressure, 
and all fall in group IA. When the defect size 
is greater than 1 cm. per M.*® of body surface 
area, the pressure ratio appears almost indepen- 
dent of defect size. The physiologic group into 
which the patient falls also appears to depend 
on other factors than size, once the defect is 
greater than 1 cm. per M.* of body surface area. 


vided further on the basis of pulmonary flow 
and pressure. These classifications are shown 
in table 2. 

In figure 4, the ratio of systolic pulmonary 
arterial pressure to systolic systemic pressure 
has been plotted against the diameter of the 
defect per square meter of body surface area.* 
A general correlation exists between relative 
defect size and relative pulmonary arterial 
pressure. Among patients in group 1A (nor- 
mal total pulmonary resistance, low flow and 
pressure) each defect was less than 1 em. in 
diameter per M.” of body surface area, and 
the systolic pulmonary arterial pressure ratio 
was less than 0.33. All patients with the de- 
fect greater than 1 em. per M2? of body sur- 
face area had a higher systolic pressure ratio, 
but the magnitude of the defect beyond this 
point did not relate precisely to the pressure 
ratio. Likewise, the variable physiologic re- 
sponses among the patients with defect size 
greater than 1 em. per M.? of body surface 





*One patient (case 40) had a defect in the muscu- 
lar septum; all other defects were located in or near 
the membranous septum. 
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Group IA. The broken lines in this and subse- 
quent figures represent the normal values depicted 
in figures 1 to 3. The open dot represents the 
first right-sided heart catheterization, and the 
closed dot indicates the second procedure. The 
case numbers are placed near the initial open 
dot. The patients in this group, with one exception, 
were older than 5 years when first studied. Total 
pulmonary resistance was normal for age at each 
study. Pulmonary blood flow was moderately 
elevated, and its increase roughly paralleled the 
expected normal increase with age. The mean 
pulmonary arterial pressure was minimally ele- 
vated and did not increase with age. 


area suggested that factors other than ven- 
tricular septal defect size alone were operative. 
Group IA. Normal Pulmonary Vascular Maturation. 


Small Ventricular Septal Defect. Minimal Physio- 
logic Abnormality 


Figure 5 summarizes the physiologic data 
relating to these seven patients. The total 
pulmonary resistance at each catheterization 
study was at the normal level. The absolute 
pulmonary flow was slightly elevated and 
paralleled roughly the expected increase with 
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Table 2 
Summary of Classification of Isolated Ventricular Septal Defect 








Normal pulmonary vascular maturation (normal fall in total pulmonary resistance 
with age) 

IA Small ventricular septal defect (less than 1 em./M.’) 

IB Apparent decrease in relative size of ventricular septal defect 

IC Large ventricular septal defect 


Group I 


Group II Delayed maturation of pulmonary vascular bed (delayed fall in total pulmonary 
resistance ) 


Large ventricular septal defect 


Group III Failure of pulmonary vascular maturation (no fall in total pulmonary resistance 
from fetal level) 
Large ventricular septal defect 


Group IV Normal or delayed maturation of pulmonary vascular bed followed by evidence 
of progressive pulmonary vascular changes. (Increasing total pulmonary resist- 
ance after normal or nearly normal decrease from the fetal level) 

Large ventricular septal defect 


Cyanotic patients. Pathway to high pulmonary vascular resistance unknown 
Large ventricular septal defect 





age. The mean pulmonary arterial pressure 
was only slightly elevated (under 25 mm. Hg) 
and did not increase with time. As shown in 
figure 4, the defect size was less than 1 em. 
per M.? of body surface area in each of the 
four patients in whom the defect was meas- 
ured at the time of operation. The average 
age of these patients was 6 years at the first 
catheterization and 11.6 years at the second. 

Wood?" has suggested that a ventricular 
septal defect larger than 1 em. per M2? of 
body surface area can allow a common ven- 
tricular ejectile force to the pulmonary trunk 
and aorta. The defect size in this group lends 
support to this approximate value as the crit- 
ical orifice area below which abnormal phys- 
iologie responses are minimal. The clinical 
course followed by these patients, who had 
virtually no symptoms and essentially normal 
thoracic roentgenograms and electrocardio- 
grams, was compatible with the nearly normal 
physiologic values. 

The normality of total pulmonary resist- 
ance in this group of patients at each study 
suggests that the pulmonary vascular bed had 
achieved normal maturation. No progressive 
vascular changes developed during the period 
of observation. 

One patient (case 6) had had a bacteriolog- 
ically proved (Streptococcus viridans) sub- 
acute bacterial endocarditis that was success- 


fully treated medically. At operation 3 years 
later, the severe scarring observed in the sep- 
tal leaflet of the tricuspid valve required 
plastic repair. While these patients exhibit 
minimal physiologic changes, their cardiac 
malformations cannot be considered com- 
pletely benign. 

Group IB. Normal Pulmonary Vascular Maturation. 
Large Ventricular Septal Defect. Apparent De- 
crease in Relative Size of Defect 

These five patients (fig. 6) underwent ini- 
tial catheterizations before 1 year of age. The 
total pulmonary resistance fell along the nor- 
mally expected path. Pulmonary flow was 
moderately elevated. The mean pulmonary 
arterial pressures initially were considerably 
above the level seen in group IA, but at the 
time of the second study they had decreased 
in four of the five patients. This pressure 
drop without concomitant fall in the systemic 
pressure was noted in only two other patients 
in our series (group IIT). 

Figure 7 is representative of the ratio of 
systolic pulmonary arterial pressure to sys- 
tolic systemic pressure at each catheterization 
of the patients in group IB. This fraction, we 
believe, indicates the degree of communication 
between the two ventricles. Hence the fall in 
this ratio noted in all cases suggests decrease 
in the relative size of the ventricular commu- 
nication. 
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Figure 6 

Group IB. All five of these patients were under 
1 year of age during the first physiologic study. 
Total pulmonary resistance had fallen along the 
normal expected pathway. The mean ‘pulmonary 
artery pressure had fallen sharply in two patients 
and slightly in two more. This pressure change is 
further amplified in figure 7. 


Three of these five patients showed symp- 
toms from infancy onward, with frequent se- 
vere respiratory infections, pneumonia, and 
growth failure. Two patients (cases 9 and 11) 
were operated upon at 13 and 19 months, re- 
spectively. A third patient (case 10) spon- 
taneously improved at age 2 and remained 
symptom-free; she was operated on at age 5. 
The remaining two patients (cases 8 and 12) 
had minimal symptoms. 

Fall of the total pulmonary resistance in 
these patients along the curve followed by 
normal patients suggests that normal matura- 
tion of the pulmonary vascular bed was 
achieved. The fall in the ratio of pulmonary 
arterial systolic pressure to systemic systolic 
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Group IB Relation of Pulmonary and 
Systemic Systolic Pressures 
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Relation of pulmonary and systemic systolic pres- 
sure in group IB. A decrease in the ratio of the 
pulmonary arterial to systemic arterial systolic 
pressure was seen in all patients; this suggests a 
decrease in the relative size of the ventricular 
septal defect. 


pressure supports the hypothesis of a decrease 
in the relative size of the ventricular septal 
defect. If the defect size had been unchanged, 
a decrease in total pulmonary resistance 
unaccompanied by a decrease in systemic 
resistance would have allowed an increase in 
pulmonary blood flow (left-to-right shunt). 
This increase did not occur in these patients. 
It is noteworthy that despite this presumed 
decrease in size, ali defects were still larger 
than 1 em. per M.? of body surface area at 
the time of surgical intervention. 
Group IC. Normal Pulmonary Vascular Maturation 
Despite High Pulmonary Blood Flow and Elevated 
Pulmonary Arterial Pressure. Large Ventricular 
Septal Defect 

The total pulmonary resistance of these five 
patients (fig. 8) was at the normal level for 
the age at each study. The absolute pulmonary 
blood flow, however, was greatly elevated. The 
mean pulmonary arterial pressure was mod- 
erately elevated and did not change appre- 
ciably during the interval between studies. 
In each of these cases (fig. 4) the diameter 
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Group IC. Total pulmonary resistance in these 
patients was normal. The pulmonary blood flow 
was very high. Mean pulmonary artery pressure 
was moderately elevated. Despite this high flow 
and elevated pressure, no increase was seen in 
either the total pulmonary resistance or mean 
pulmonary pressure. 


of the ventricular septal defect was between 
1.5 and 3.5 em. per M.? of body surface area. 
Each patient in this group had a ratio of 
systolic pulmonary arterial pressure to sys- 
tolic systemic arterial pressure that was 
greater than 0.5. 

Clinically, four of these five patients (cases 
13 to 16) were severely handicapped by fre- 
quent respiratory infections, pneumonia, and 
congestive heart failure. These problems per- 
sisted until operations were performed when 
the patients were 9 to 13 years of age. 

Each patient in this group had a large ven- 
tricular septal defect and apparently normal 
maturation of the pulmonary vascular bed; 
as a consequence, elevated right ventricular 
pressure was maintained in each case by 
means of an exceedingly high pulmonary 
blood fiow (hyperkinetic pulmonary hyper- 
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tension). Despite these cardiac stresses per- 
sisting over several years, none of these 
patients exhibited pulmonary changes tending 
to limit such a volume, although four of the 
five had severe symptoms. 

We regard the normality of pulmonary 
vascular maturation in this group of patients 
as unique, since patients in subsequent groups 
with apparently similar stresses followed quite 
different courses. 


Group II. Delayed Maturation of the Pulmonary 
Vascular Bed. Large Ventricular Septal Defect 

These 10 patients (fig. 9) evidenced de- 
layed fall in total pulmonary resistance, with 
an approximation of normal levels during the 
interval between the two catheterizations. 
Pulmonary blood flow approached normal 
value for age at the first study, and it had 
increased to levels considerably above the nor- 
mal value for age by the second study. Three 
patients showed rises in mean pulmonary arte- 
rial pressure without comparable rises in 
mean systemic pressures. 

Six of these patients had rather large de- 
fects, the diameter measuring more than 4 em. 
per M.? of body surface area. In no other 
group of patients were defects of this relative 
magnitude observed. Nine patients exhibited 
symptoms of moderate congestion and growth 
failure; the exception was the patient with 
the smallest defect (case 26). None was cya- 
notic. These patients’ ages covered the entire 
childhood span (6 months to 12 years) at the 
time of the first catheterization. 

The fall in total pulmonary resistance in 
these patients occurred later and with a more 
gradual slope than the fall seen in normal 
infants; this suggested a delay in the normal 
maturation of the pulmonary vasculature. 
Since normal maturation was the first initial 
response of the lung to the stress of a large 
ventricular septal defect, this group illus- 
trates the effects of a second initial response. 
Although six patients had very large defects, 
among the total group (fig. 4) defect size does 
not appear to have been primarily responsible 
for this difference. Since we know of no other 
factors that might bring about this delay of 
pulmonary vascular maturation, we continue 
to hold that inherent differences in the vas- 
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Figure 9 


Group II. In these patients the normally expected 
decrease in total pulmonary resistance was delayed. 
Pulmonary blood flow increased beyond normal 
levels. Despite the fall in total pulmonary resis- 
tance, the mean pulmonary pressure remained 


stable or increased slightly in nine of the 10 
patients. 


cular bed may be responsible for the apparent 
differences in response to similar stress. 

Defect size did appear, however, to influ- 
ence surgical mortality. Surgical correction 
had been attempted in all 10 of these patients. 
Five of them died within 48 hours, apparently 
from failure of the left side of the heart ; four 
of these fatalities occurred in patients with 
very large ventricular septal defects, in at 
least two of which the size of the defect was 
definitely a contributory factor. In one (case 
22) the membranous septum was virtually 
absent, and the sutures had pulled out at the 
superior margin of the patch; in the other 
(case 24) the large Ivalon patch used in the 
repair buckled and partially occluded blood 
flow to both the pulmonary artery and aorta. 
No specifie cause of death was determined in 
the other three cases. 
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Group III. The total pulmonary resistance in 
these two young infants did not change from the 
initial high values. A decrease in mean pulmonary 
artery pressure occurred. These patients may 
possibly represent an early stage prior to a 
delayed fall in resistance as seen in group II. 
They might also reach the end state depicted in 
group V (fig. 13). 


Group III. Failure of Pulmonary Vascular Matu- 
ration. Large Ventricular Septal Defect 

In two patients (fig. 10) total pulmonary 
resistance did not fall significantly below the 
fetal level with the lapse of time. The abso- 
lute pulmonary blood flow remained low and 
did not increase with age, and when computed 
on the basis of square meters of body area, it 
decreased. The mean pulmonary pressure fell 
in both patients, as did the ratio of systolic 
pulmonary arterial pressure to systolic sys- 
temic arterial pressure. The one defect meas- 
ured was quite large (3.5 em. per M.” of body 
surface area). Both patients had severe 
symptoms (recurrent pneumonia and conges- 
tive heart failure) in infancy. They improved 
somewhat in the interval between studies, but 
because of the persistent high total pulmonary 
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Sizx-foot posteroanterior roentgenograms in case 29, group III. Left, age 6 months. 
Center, age 2 years. Right, age 4 years. Normal peripheral pulmonary vascular markings 


and increased proximal markings. The 


roentgenograms. 


resistance, they were treated surgically. Both 
survived operation and later showed moderate 
improvement clinically. The roentgenograms 
in these patients were of unusual interest in 
that normal peripheral pulmonary markings 
were associated with a pronounced increase 
in the proximal vascularity at the earliest 
roentgenographic examination, and the dis- 
parity in the pulmonary markings persisted 
to the time of operation (fig. 11). 

These two patients with large ventricular 
septal defects appear to have achieved little 
or no maturation of the pulmonary vascula- 
ture. The maintenance of the total pulmonary 
resistance at or above fetal levels, and the 
absolute limitation of the pulmonary blood 
flow support this thesis. This pattern, then, 
constitutes a third type of initial response of 
the pulmonary vascular bed in a patient with 
a large ventricular septal defect. One may 
legitimately ask, however, if these patients 
would show a subsequent fall in total pulmo- 
nary resistance similar to that demonstrated 
in group II. Another potential pathway avail- 
able to these patients is seen in group V, in 
which three cyanotic older patients with ini- 
tial total pulmonary resistance above fetal 
levels showed the following pattern: continu- 
ing increases in total pulmonary resistance ; 
increasing pulmonary arterial pressure; and 
pulmonary blood flow of less than 50 ml. per 
second. This pattern is precisely what might 


other patient in group III had similar 


be anticipated if failure of pulmonary vascu- 
lar maturation occurred and persisted to this 
older age. It is impossible to ascertain which 
course these patients in group III might have 
followed without surgical intervention. 

Group IV. Apparent Normal Pulmonary Vascular 
Maturation Followed by Progressive Pulmonary 
Vascular Changes. Large Ventricular Septal Defect 

Figure 12 summarizes studies on four pa- 
tients whose total pulmonary resistance ini- 
tially fell to nearly normal values. This initial 
drop was followed by an increase in total pul- 
monary resistance. For case 31 this was pre- 
cisely revealed during the course of three 
cardiac catheterizations. In the other three 
patients the fall was assumed, and significant 
increases in total pulmonary resistance were 
demonstrated in a later examination. The 
wide variation in age at which the total pul- 
monary resistance rose among patients in this 
group (6 months to 111% years) is of interest. 
The mean pulmonary artery pressure increased 
in three patients and decreased slightly in 
one, but these changes in the mean pulmonary 
pressure were associated with comparable 
changes in the mean systemic pressure. 

All four patients in the group had symp- 
toms of severe congestion during infancy. 
For one of them (case 30) these symptoms 
were interrupted by an operation at age 18 
months. The other three showed a dramatic 
‘*spontaneous’’ improvement in symptoms of 


Circulation, Volume XXIV, December 1961 





ISOLATED VENTRICULAR SEPTAL DEFECT 


congestion during the period of observation. 
Cyanosis developed in two of them subsequent 
to this clinical change (cases 31 and 33) ; 
since they were then considered operable only 
at an enhanced risk, they were not referred 
for surgical correction of their defect. 

These patients represent a group in which 
maturation of the pulmonary vascular bed 
proceeds in a normal or nearly normal fash- 
ion. This process is then interrupted (at vary- 
ing ages) by a progressive rise in the total 
pulmonary resistance. The two cyanotic pa- 
tients have followed the clinical pattern sug- 
gested by Dammann and Ferencz.' The physi- 
ologie data support their hypothesis that this 
clinical course is secondary to pulmonary vas- 
cular changes. 

The marked disparity in the ages at which 
the various stages of disease were manifested 
suggest a complex etiology and renders pre- 
cise prognosis difficult. 


Group V. High Pulmonary Vascular Resistance 
and Cyanosis. Large Ventricular Septal Defect 

The seven patients in this group (fig. 13) 
all gave evidence of cyanosis before the initial 
studies were made. Therefore, the data have 
not been very helpful in explaining the etiol- 
ogy and development of cyanosis in these per- 
sons with ventricular septal defect. We have 
included them in order to describe better the 
course of this affliction once cyanosis has taken 
place. They ranged’ in age from 314 to 9 years 
when first seen by us. These cyanotic patients 
ean be separated into two groups on the basis 
of the initially measured total pulmonary re- 
sistance and the response of the total pulmo- 
nary resistance with time: 
A. Patients with Initially High Pulmonary Resist- 
ance that Continued to Rise 

These were all obviously cyanotic when first 
seen by us (cases 34, 35, and 36). The onset 
of cyanosis was 6 weeks, 6 years, and 10 years, 
respectively. Total pulmonary resistance in 
these three patients significantly increased 
over time. In these cases the absolute pulmo- 
nary blood flow was limited to about 50 ml. 
per second, despite differences in size and 
age. (Limitation of pulmonary blood flow to 
this level was noted in the two patients in 
group III who achieved no pulmonary vascu- 
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Figure 12 
Group IV. C indicates cyanosis. In case 31 a 
fall in total pulmonary resistance was followed 
by a rise during the course of three catheteriza- 
tion studies. In the other three patients, if a 
normal fall is assumed from the normal neonatal 
value to the value at the first study, this same 
course was followed. The age of onset of the 
rise in total pulmonary resistance varied widely. 


lar maturation.) All had moderate exertional 
dyspnea and growth retardation, but were 
otherwise without symptoms. They were con- 
sidered to represent substantially increased 
operative risks and therefore were not re- 
ferred for surgical correction. Anatomic con- 
firmation of the diagnosis of ventricular septal 
defect has not been made in these patients. 
Some may actually represent a different con- 
genital anomaly. We have included them be- 
cause these cases suggest a potential course 
followed by patients with failure of pulmo- 
nary vascular maturation. 


B. Patients with Lesser Initial Pulmonary Resist- 
ance and with a Slight Decline in This Value 
Oceurring with Growth 


In these four patients (cases 37 to 40) the 
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Figure 13 
Group V. These patients were cyanotic prior to 
the first heart catheterization. The three patients 


2 


(cases 34, 36, 39) with the high and rising total 
pulmonary resistance had fixed, abnormally low 
pulmonary blood flows and rising pulmonary pres- 
sures. The other patients, while cyanotic, showed 
no increase in the total pulmonary resistance and 
had abnormally high pulmonary flows. 


pulmonary blood flow was somewhat above 
normal and increased slightly. Thus, each had 
a small left-to-right shunt in addition to the 
right-to-left flow. Pulmonary arterial pres- 
sures in these patients increased with age. 
These four patients were quite different clin- 
ically from the cyanotic patients described 
above. Although one was minimally cyanotic 
at rest (case 39), the other three were cya- 
notic only on exertion. The age of onset of 
cyanosis was recorded as 4, 5, 7, and 8 years, 
respectively. The patients were somewhat 
small for their ages and were characterized by 
exercise intolerance, which had developed 
concomitantly with the onset of cyanosis. 
They were considered to be reasonable sur- 
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Effect of surgical correction on physiology 
in ventriculor Septol defect 
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Figure 14 

Effect of surgical correction on the physiology 
in ventricular septal defects. The open dot repre- 
sents the first preoperative study and the closed 
dot, the second preoperative study. The open 
triangle represents the postoperative study. The 
broken line then represents the postoperative 
change. In all patients the postoperative pulmo- 
nary blood flow fell to normal or slightly below 
normal levels and the mean pulmonary arterial 
pressure dropped significantly to normal or near 
normal values. In case 9 the total pulmonary 
resistance increased, but in all others did not 
change appreciably during the year following 
surgical intervention. 


gical risks and were therefore operated upon. 
One patient died in the immediate postopera- 
tive period. At autopsy, it was observed that 
the surgical patch was intact and that com- 
plete closure of the defect had been achieved. 
The pulmonary arterioles were noted to have 
severe medial thickening and intimal prolif- 
eration. After surgical correction, the three 
surviving patients were without cyanosis at 
rest or on exercise. Their exercise tolerance 
increased considerably, and at catheterization 
1 year later, one patient (case 39) revealed a 
fall in the pulmonary arterial pressure from 
preoperative values of 90/50 mm. Hg, with a 
mean of 60, to postoperative values of 60/12 
mm. Hg, with a mean of 24. 

It is not possible to identify the particular 
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physiologic course followed by these patients 
to their state of high pulmonary vascular re- 
sistance and cyanosis. This point in the nat- 
ural history could be reached either by failure 
of pulmonary vascular maturation or by nor- 
mal pulmonary vascular maturation followed 
by progressive pulmonary vascular changes. 
Some patients do reach this stage of severe 
pulmonary change and poorer prognosis. 


Postoperative Studies 

Knowledge of the influence of surgical cor- 
rection on the natural history of a ventricular 
septal defect is important both in understand- 
ing the functional pathology and in determin- 
ing the optimal time of treatment. The initial 
result of a ‘‘curative’’ surgical procedure 
upon the course of the lesion as defined phys- 
iologically is seen in figure 14. 

Despite the dissimilarity of the patients’ 
stages at the time of surgical intervention, 
and despite the number of courses potentially 
leading to a particular stage, the response to 
surgical correction was uniform: in the ma- 
jority, physiologic study approximately 1 
year after surgical intervention revealed 
essentially no change in total pulmonary re- 
sistance. The pulmonary blood flow was re- 
duced, in many instances drastically, to nor- 
mal levels. The mean pulmonary arterial 
pressure was decreased sharply to normal or 
nearly normal values. 

These findings would suggest that the pul- 
monary arterioles show little change in the 
direction of more normal structure, at least 
in the first postoperative year. The dramatic 
changes in pulmonary pressure and flow de- 
pend on the elimination of the left-to-right 
shunt present before surgical therapy. Knowl- 
edge of the late response of the pulmonary 
vascular bed to closure of the ventricular sep- 
tal defect must await restudies years or even 
decades after corrective surgery. 


Comment 
This group of cases may not be representa- 
tive of all isolated ventricular septal defects. 
Many factors influence the type of patient 
seen at a particular institution and hence 
serve to bias the selection. The factors result- 
ing in multiple catheterization studies will 
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tend to influence the selection still further ; 
but these appear minimal here, since this 
group experience parallels the total experi- 
ence in patients with isolated ventricular 
septal defect seen at our institution during 
the last 6 years. 

It is important to recall that this commu- 
nication deals with patients having only iso- 
lated ventricular septal defect. Additional 
anomalies may profoundly alter the physio- 
logic situation and also the resultant natural 
history of the lesion. 

In the hemodynamics of ventricular septal 
defect, the location of the defect has been 
deemed to be of some importance. Abbott”! 
has proposed that a ventricular septal defect 
with a right-to-left shunt represents a specific 
entity arising out of the anatomic relation- 
ships between the ventricular septal defect 
and the aortic root. This hypothesis no longer 
seems tenable, for a large defect located any- 
where in the membranous septums can be 
associated with a right-to-left shunt.* °?* In 
addition, certain defects in which the aorta 
overrides the right ventricle anatomically 
nevertheless shunt only left-to-right. Finally, 
in the defect characterized by origin of both 
great vessels from the right ventricle without 
pulmonary stenosis, either left-to-right or 
right-to-left shunting ean oceur.”® Location of 
the defect in various portions of the mem- 
branous septum in the patients in this series 
had no apparent influence on the course fol- 
lowed. No conclusion may be drawn from the 
course followed by the one patient with a 
muscular septal defect. 

The size of the ventricular septal defect did 
appear to be of major consequence. Those pa- 
tients with openings of less than 1 em. per 
M.? of body surface area had minimally 
altered physiologic responses, were essentially 
without symptoms, and revealed no change 
during the period of observation. 

Two specific influences of the large defect 
(greater than 1 em. per M.? of body surface 
area) are worthy of note. In some infants, a 
relative decrease in defect size resulted in a 
definite alteration in physiologic response. 
Moreover, the very large defect (larger than 
4 em. per M.? of body surface area) influenced 
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the surgical mortality. Apart from these con- 
sequences, however, the precise size of the de- 
fect beyond 1 em. per M. of body surface 
area did not critically influence the physio- 
logic course followed by the patient. 

The symptomatologic and physiologic status 
in a patient with a large ventricular septal 
defect is probably primarily influenced by 
the state of the pulmonary vascular bed. In 
the normal child during the first 4 years of 
life the pulmonary vasculature undergoes 
maturation from its fetal state to its normal 
adult condition. 

In the presence of a large ventricular sep- 
tal defect the following possibilities may 
occur: (1) the pulmonary vessels may develop 
normally (group IC), (2) maturation of the 
pulmonary vessels may be delayed (group 
II), or (3) maturation may fail to occur 

group III). This concept of normal or 

altered pulmonary vascular maturation ap- 
pears vital to an understanding of the natural 
history of ventricular septal defect. 

A second phenomenon observed in patients 
with large defects was the series of changes 
indicative of progressive pulmonary vascular 
disease (group IV). The wide range in age 
of onset of these changes makes it diffieult to 
predict the occurrence of progressive vascular 
disease in the individual patient. 

An appreciation of the state of the pulmo- 
nary vascular bed is necessary in defining the 
stage of the disease process that a particular 
patient has reached. In our experience, knowl- 
edge of pressures in the pulmonary circuit 
has not provided this information. High pul- 
monary arterial pressures may be present in 
patients with normal pulmonary resistance. 
The high pressures may be maintained by 
greatly augmented pulmonary flow (hyper- 
kinetic pulmonary hypertension), by high 
total pulmonary resistance (obstructive pul- 
monary hypertension), or by both. 

As a prognostic sign, high pulmonary arte- 
rial pressure usually indicates a large defect 
but provides no information regarding the 
state of the lungs. Progressive pulmonary vas- 
cular disease does occur in the presence of a 
stable pulmonary arterial pressure. This is 
because in the case of a large ventricular sep- 
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tal defect free or nearly free communication 
exists between the two ventricles. If pulmo- 
nary resistance is less than systemic resist- 
ance, then the systemic resistance will deter- 
mine the ventricular pressure necessary to 
maintain an adequate cardiac output. The 
lesser resistance in the pulmonary circuit 
necessitates the hyperkinetic effect of in- 
ereased pulmonary blood flow (left-to-right 
shunt) to maintain the pressure in the ven- 
tricle at its obligatory level. As the pulmo- 
nary resistance approaches the level of sys- 
temie resistance, a lesser augmentation of 
pulmonary blood flow is required. If pulmo- 
nary resistance exceeds systemic resistance, 
then the pulmonary resistance determines the 
pressure in the ventricles necessary for an 
adequate cardiac output. Pressure in the pul- 
monary and systemic circuits will therefore 
rise as pulmonary obstructive disease pro- 
gresses. Now the hyperkinetic effects are 
needed in the systemic circuit, and right-to- 
left shunting occurs. Until it exceeds the sys- 
temic resistance, however, a rising pulmonary 
resistance may not produce an increase in 
pulmonary arterial pressure. 

On the other hand, an increasing pulmo- 
nary arterial pressure does not necessarily 
mean progressive pulmonary vascular disease. 
A normal increase in systemic resistance dur- 
ing childhood will necessitate a higher left 
ventricular pressure. In the presence of a 
large ventricular defect this increased pres- 
sure will be reflected in the pressure of the 
pulmonary artery. Pulmonary resistance may 
remain unchanged, and augmentation of pul- 
monary blood flow will result. 

Thus a knowledge of pulmonary blood flow, 
as well as pressure, is essential in evaluating 
the patient with a ventricular septal defect. 
These two factors may be considered sepa- 
rately, or they may be combined as ‘‘resist- 
ance.”’ 

Measurements of total pulmonary resist- 
ance, while less accurate, have allowed 
assessment of the degree of pulmonary vas- 
cular maturation and an estimate of the pro- 
gressive pulmonary obstructive lesions. The 
significance of a particular value of total pul- 
monary resistance depends to a large extent 
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on the age of the patient. For example, a value 
for total pulmonary resistance of 900 dynes 
second em. at 6 months of age is within nor- 
mal range. The same value in the same patient 
at 4 years of age is abnormal. Even a decrease 
in total pulmonary resistance from the normal 
6-month level if less than that achieved by 
normal children suggests abnormality of the 
vascular bed. 

The crucial point of this concept is that in 
measurements recorded during physiologic 
and histologic maturation, failure of the total 
pulmonary vascular resistance to increase 
does not necessarily mean that the pulmonary 
vascular bed has continued to be normal. Fail- 
ure or delay in maturation of the pulmonary 
vascular bed may be as important as, and 
probably more common than, progressive pul- 
monary vascular disease, at least during child- 
hood. Viewed in this light, the apparently 
irreconcilable differences of opinion expressed 
in the literature are understandable. Those 
who report no observed increase in pulmonary 
arterial pressure or in total pulmonary re- 
sistance in the childhood years are in the main 
correct. On the other hand, the clinical and 
histologic evidence that severe pulmonary 
vascular disease exists in some patients despite 
stable physiologic values is not negated. In 
addition to the infrequently seen rising total 
pulmonary resistance, failure or delay in the 
normal fall of the pulmonary resistance indi- 
cates that the pulmonary vascular bed is ab- 
normal. 


Surgical Consideration 

The physiologic consequences of a large 
ventricular septal defect, and normal pulmo- 
nary vascular maturation are incapacitating 
and frequently critical during infancy. In 
our institution, infants with isolated ventric- 
ular septal defects and with congestive heart 
failure ensuing prior to 6 months of age, suf- 
fer a 25 per cent mortality in the first 2 years 
of life when treated medically. Ideally, 
prompt surgical intervention in these patients 
should be the goal. 

In the patient with a large ventricular sep- 
tal defect and with delayed or absent pulmo- 
nary vascular maturation, the earlier the 
surgical correction of the defect, the greater 
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is the potential for reestablishing the normal 
maturational process. Although our conten- 
tion is still subject to verification, we believe 
that early surgical intervention under these 
circumstances offers the most favorable prog- 
nosis. For whatever the initial response of 
the lung in a patient with a large ventricular 
septal defect, the potential for progressive 
pulmonary vascular disease always exists. 
Early surgical closure would prevent this 
serious complication. 

The increased operative mortality among 
infants, however, does impose decided limits 
on surgical therapy. In our experience, this 
becomes minimal after age two. Moreover, if 
the defect is to decrease in size, it will have 
done so by that time. Other factors - being 
equal, we believe 2 years of age or older to 
be the optimal time for surgical correction 
of a large ventricular septal defect. We make 
this recommendation on the basis of a cur- 
rently low rate of surgical mortality (less 
than 5 per cent). A comparable mortality rate 
has been achieved at a number of other cen- 
ters under the same circumstances. 

For the severely ill infant under 2 years, 
selecting the wisest form of therapy is a vex- 
ing problem. While the mortality rate with 
medical therapy is considerable, surgical 
treatment has also resulted in high mortality 
rates. Our current practice has been to defer 
operations on these infants, if possible, and 
to extend surgical treatment only to those who 
appear unlikely to survive. Another approach 
to the patient in this category has been a two- 
stage procedure, banding of the pulmonary 
artery followed by closure of the defect at a 
later time. Clarification of the relative merits 
of medical treatment and the one-stage and 
two-stage surgical technics will be achieved 
only through experience. The results of the 
application of each of these therapeutic meth- 
ods leave a great deal to be desired. Substan- 
tial reduction in the mortality in this age 
group achieved through any of the above 
methods would, of course, alter our present 
therapeutic procedures. 

The advisability of surgical intervention at 
the two extremes of the spectrum of disease 
remains at issue. Patients with small defects 
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undergo little or no physiologic change in the 
pediatric years. While the risk of subacute 
bacterial endocarditis and the possibility of 
pulmonary vascular disease in later years 
must be considered, the need for surgical in- 
tervention does not appear urgent. Under this 
circumstance, one should have a critical 
knowledge of the surgical mortality rate ob- 
served at the center proposing treatment. If 
it is truly minimal (i.e., less than 1 per cent 
for this good-risk category) then these pa- 
tients would benefit from elective surgical 
correction of their defect. 

No agreement has been reached about the 
appropriate therapy for the older child with 
high pulmonary resistance (severe pulmonary 
vascular disease). In those patients with 
right-to-left shunts and without any left-to- 
right shunting, no short-term benefits accrue 
from surgical correction that would justify 
the surgical mortality encountered. It is not 
known whether regression of the pulmonary 
vascular changes ultimately does or does not 
oceur after closure of the defect. 

Patients with residual left-to-right shunts 
as well as the right-to-left flow appear to ben- 
efit immediately from defect closure in pro- 
portion to the magnitude of the left-to-right 
flow. We therefore customarily advise sur- 
gical correction in these patients. 


Conclusion 

The natural history of the isolated ventric- 
ular septal defect is variable and as yet in- 
completely defined. In the varying responses 
of the pulmonary vascular bed to presumably 
identical stresses lies the key to further 
knowledge of this affliction. Advances in the 
understanding of pulmonary hypertension, 
similar to those advances made in the knowl- 
edge of systemic hypertension, are clearly 
required. Presently one can only recognize 
the several possible courses open to the pa- 
tient with a large ventricular septal defect. 
This variability of response is in itself of ma- 
jor importance. It should alert the clinician 
and surgeon alike to the need for careful and 
precise evaluation of each patient presenting 
with a ventricular septal defect. Even more 
important, the very existence of several differ- 
ent adaptations to a presumably identical 
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stress should serve as a warning against mak- 
ing any single generalization about the nat- 
ural history and therapy of this disorder at 
the present time. 

Summary 

Forty patients with isolated ventricular 
septal defect were studied physiologically two 
or more times before they underwent surgical 
treatment. Utilizing baselines obtained by 
heart catheterizations of normal infants and 
children, we grouped patients with ventricu- 
lar septal defect according to the magnitude 
of the total pulmonary resistance, pulmonary 
blood flow, and pulmonary arterial pressure, 
and according to changes in these values over 
time. The patients with small defects (less 
than 1 em. per M.? of body surface area) were 
easily separable on the basis of physiologic 
findings. Patients with large ventricular sep- 
tal defects (greater than 1 em. per M.? of 
body surface area) exhibited one of three pos- 
sible initial responses to the stress of high 
pulsatile pulmonary fiow and increased pul- 
monary artery pressure: (1) normal regres- 
sion of total pulmonary resistance; (2) de- 
layed fall in total pulmonary resistance; (3) 
failure of the total pulmonary resistance to 
decrease with age. 

These physiologic responses were thought 
to be related to normal maturation, delayed 
maturation, or failure of maturation of the 
pulmonary vascular bed. It was observed that 
a subsequent increase in total pulmonary re- 
sistance could be superimposed on any of the 
three initial responses at any time. Clinical 
evidence and catheterization data suggested 
that the relative size of the ventricular septal 
defect had decreased in five patients. 

The variability of the physiologic courses, 
the importance of the pulmonary vascular bed 
in determining these responses, and our lack 
of understanding of the etiology of the pul- 
monary vascular changes were noted. 

The indications for, and timing of surgical 
intervention in patients with isolated ventric- 
ular septal defects, are discussed in light of 
the above findings. 
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Isolated Right Ventricular Hypoplasia with Atrial 
Septal Defect or Patent Foramen Ovale 


By Marvin A. Sackner, M.D., Morton J. Roprnson, M.D., 
Wiiuiam L. Jamison, M.D., anp Davin H. Lewis, M.D. 


I 1936, Taussig! stated that a diminu- 
tive right ventricle is always associated 
with underdevelopment or malformation of 
the tricuspid or pulmonic valves. Four eases 
of hypoplastic right ventricle unassociated 
with valvular defects have been reported in 
recent years. A patent foramen ovale or atrial 
septal defect has been an accompanying anom- 
aly. All cases have been described in cyanotic 
infants or young children. In 1950, Cooley 
and his associates? made the diagnosis by 
angiocardiography and confirmed it at nee- 
ropsy. In 1959, Gasul and co-workers* estab- 
lished the diagnosis in a 4-year-old child at 
thoracotomy. In 1961, Medd and associates* 
defined the pathologic features in two siblings 
who died during infancy. 

We have observed three adults with this 
disorder who were members of the same fam- 
ily. The purpose of this paper is to describe 
the clinical and hemodynamic features that 
are sufficiently characteristic to enable a de- 
finitive diagnosis. In addition, a fourth case 
obtained from the postmortem files of the 
Philadelphia General Hospital is briefly re- 
ported for historic interest. 


Case Report 


A 2-month-old white boy was admitted to the 
Philadelphia General Hospital in September 1935 
because of fever and dyspnea of 1 week’s dura- 
tion. 


From the Departments of Medicine, Pathology, 
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Navy. 


Physical examination revealed an acutely ill 
eyanotie infant in respiratory distress. The pulse 
was 160, the respirations 70, and the temperature 
105 F. The weight was 4.6 Keg., the height 55 em. 
Erysipelas was present on the face and scalp. 
Both ear drums were perforated and discharging 
pus. Rhonchi were heard in both lung fields. The 
heart was of normal size by percussion. The 
rhythm was regular, and no murmurs were heard. 
The hemoglobin was 12 Gm. per 100 ml. and the 
white cell count 4,800. There was 2+ proteinuria. 
The patient was treated with immunotransfusions 
but died 6 days after admission. 

The clinical diagnoses were bilateral otitis me- 
dia, erysipelas, and bronchopneumonia. The 
necropsy diagnoses were isolated hypoplasia of 
the right ventricle, erysipelas, and bronchopneu- 
monia. 

The aorta, venae cavae, and pulmonary veins 
were normal. The ductus arteriosus was closed. 
The pulmonary artery was underdeveloped. 

The heart weighed 20 Gm. (fig. 1). The right 
ventricular chamber was small; its lowermost por- 
tion reached less than one half the distance from 
the base to the true cardiac apex. The distance 
from the base of the tricuspid valve to the lower- 
most portion of the right ventricle was 1.2 em. 
The distance from the base of the mitral valve to 
the lowermost portion of the left ventricle was 
2.9 em. The trieuspid valve was small, but of nor- 
mal shape and insertion. The right atrium was 
dilated. The left ventricle showed hypertrophy. 
The foramen ovale was probe-patent. 


Cases in Family E 
The family pedigree is depicted in figure 2. 
Unfortunately, the unwillingness of many familv 
members to be examined prevented full-scale ge- 
netic investigation. As far as ean be determined, 
no consanguinity existed nor were there any ab- 
normal pregnancies. 


Case II-1 


F.E., a 30-year-old Negro laborer was in good 
health until May 1953, when he fainted after a 
hot day’s work in a coal mine. A company physi- 
cian found a blood pressure of 120/95 and a pulse 
of 80. The cardiac impulse was diffuse with maxi- 
mum intensity in the fourth interspace at the 
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anterior axillary line. The rhythm was regular 
but frequent extrasystoles were present. There 
were blowing aortic and apical systolic murmurs. 
The hemoglobin was 18 Gm. per 100 ml., and the 
white cell count was normal. The urine showed 3+ 
proteinuria. The chest roentgenogram and electro- 
cardiogram were consistent with left ventricular 
enlargement. A diagnosis of aortic stenosis was 
made and the patient was not allowed to return 
to work. 

Subsequently, despite moderately strenuous 
work as a porter, he remained asymptomatic until 
November 1958. At this time, he noted the grad- 
ual onset of leg swelling. He was admitted to the 
Philadelphia General Hospital in December 1958. 
He denied dyspnea, orthopnea, hemoptysis, and 
chest pain. He had no complaints referable to 
the gastrointestinal or genitourinary systems. He 
denied rheumatic fever and syphilis. 

On physical examination, except for marked 
pitting edema extending up to the level of the 
eleventh thoracic vertebra, he did not appear ill 
and had no orthopnea. The blood pressure was 
110/80, the pulse 80, respirations 22, and tem- 
perature 98 F. The weight was 89 Kg., the height 
200 em., the arm span 206 em., and the upper 
segment-to-lower segment ratio 0.89 (normal, 0.93; 
Marfan’s gene, 0.85.5) The fingers were long 
and tapered. The nailbeds, lips, and mucous mem- 
branes were moderately cyanotic. The cervical 
veins were distended at 90° and filled from below. 
The lungs were clear. The heart was greatly en- 
larged to the left, the point of maximum impulse 
was at the sixth interspace in the anterior axillary 
line. The rhythm was regular, with a few extra- 
systoles. There were a presystolic gallop over the 
entire precordium, a soft nonradiating ejection 
murmur at the aortic area, and a systolic click 
over the remaining precordium. The liver was 
tender and palpable 5 em. below the costal mar- 
gin. Peripheral pulses were normal. 


The patient was treated with hydrochlorothia- 


zide, digoxin, and procaine amide and became 
edema free after 3 weeks. He had lost 24 Kg. of 
edema fluid. Following this diuresis, cardiac cath- 
eterizations were performed (table 1). 
Throughout the hospital course, the hemoglobin 
ranged from 17 to 18 Gm. per 100 ml. The white 


_ cell count and differential were normal. Total 


serum protein was 4.8 Gm. on admission but rose 
to 6.2 Gm. per 100 ml. after diuresis. Paper 
electrophoresis showed an albumin of 2.7 Gm. and 
globulin of 3.5 Gm. with normal fractions. There 
was a persistent proteinuria ranging from 1.0 to 
3.5 Gm. daily. 

The electrocardiogram showed prolonged P-R 
interval, occasional premature ventricular contrac- 
tions, biatrial enlargement, and left ventricular 
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Figure 1 
The dissected heart of case J.E. The right ven- 
tricular chamber is diminutive yet the myocar- 
dium is of normal thickness; the left ventricle is 
moderately hypertrophied (RA, right atrium; 
TV, tricuspid valve; RV, right ventricle; LA, left 
atrium; MV, mitral valve; LV, left ventricle). 





SACKNER, ROBINSON, JAMISON, LEWIS 


hypertrophy. The mean QRS axis was -50° (fig. 
3). The chest roentgenogram showed an enlarged, 
globular heart and increased vascular markings 
with a normal pulmonary conus (fig. 4). 

The patient refused surgery and was discharged 
to the outpatient clinic after 8 weeks of hospital- 
ization. He returned to work and did well except 
for transient peripheral edema that responded to 
mereurial injections. He denied dyspnea and 
orthopnea, and his lung fields remained clear of 
rales. 

In March 1960, intractable ascites and periph- 
eral edema developed. Also,.he noted weakness, 
myalgia, and blurred vision. He was readmitted 
to the hospital with the diagnoses of digitalis toxi- 
city and hypopotassemia. 

Physical examination was little changed from 
the previous admission except for slow atrial 
fibrillation (40 per minute), left pleural effusion, 
ascites, and more intense cyanosis. 

The blood urea nitrogen was 119 mg., the se- 
rum creatinine 3.8 Gm., and the uric acid greater 
than 10 mg. per 100 ml. Serum potassium was 
2.5 mKq. per liter. 

The electrocardiogram showed atrial fibrillation, 
multifocal premature ventricular contractions, and 
short runs of ventricular tachycardia. The with- 
drawal of digitalis and intravenous administration 
of potassium chloride improved the arrhythmia. 
Despite thoracentesis and vigorous attempts at 
diuresis, the patient remained in severe right- 
sided congestive heart failure. Three weeks after 
admission, he complained of a suffocating feeling 
and became noticeably dyspneic for the first time. 
He was found dead in bed the next day. 

The clinical diagnosis was atrial septal defect 
and idiopathic enlargement of the left ventricle. 
The necropsy diagnoses were isolated hypoplasia 
of the right ventricle, atrial septal defect, mild 
aortic stenosis due to fibrosis and calcification, left 
ventricular hypertrophy, left ventricular endocar- 
dial fibroelastosis, congestive heart failure, and 
bronchopneumonia. 

The aorta, venae cavae, pulmonary veins, and 
coronary vessels were normal. The pulmonary 
artery was slightly narrowed. 

The heart weighed 650 Gm. (fig. 5). The right 
ventricle was small, its lowermost portion reached 
less than one half the distance from the base to 
the true cardiac apex. The chamber proportions 
are depicted schematically in figure 6. The tricus- 
pid valve was normal in shape and position; there 
was functional dilatation of the ring. The aortic 
valve was distorted by fusion of all the commis- 
sures, fibrous thickening of the free and closing 
margins of the cusps, and irregular calcified nod- 
ules between the cusps; the valve area was 1.9 
em.” The endocardial surface of the left ventric- 
ular wall was dull gray, and histologic examination 
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Data 
9/18/56 
3/28/60 
RA, right atrium; 


Abbreviations: 


IVC, inferior vena cava; SVC, superior vena cava; PV, pulmonary vein. 


Hemodynamic 
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Pedigree of family E: I-1, T.E., age 60 years, worked all his life as a coal miner, never 
hospitalized; I-2, M.E., died at age 56 years, cause of death was uremia, had diabetes 
mellitus; II-1, propositus, F.E., died at age 39 years, right ventricular hypoplasia; II-2, 
G.E., age 35 years, employed as coal miner, served in Army; II-3, S.E., age 31 years, 
employed as coal miner, served in Army; II-4, C.E., died at age 22 years, right ventric- 
ular hypoplasia; II-5, E.E., age 23 years, good health; III-1, Ca.E., age 13 years, right 
ventricular hypoplasia; I1I-2, H.E., age 11 years, good health; III-3, age 5 years, good 
health; III-4, age 3 years, good health; III-5, age 1 year, good health. 


showed proliferation of fibroelastic tissue. The 
right ventricular endocardium was normal. The 
left ventricular walk measured up to 19 mm. in 
width; the right, 4 mm. Glycogen, amyloid, tri- 
chrome, mucopolysaccharide, fat, and elastic tissue 
stains of the myocardium were unremarkable. 
Both atria were markedly dilated as were the 
atrial appendages, which were filled with adherent, 
partially organized thrombus. There was an oval, 
smooth-walled atrial septal defect, which measured 


| 4.5 em. in diameter. 

All viscera showed marked passive congestion. 
p g 

' Case II-4 

C.E., was a 22-year-old janitor who had cyanosis 


and easy fatigability dating from childhood. Nev- 
ertheless, he enjoyed fair health and always held 


F a job. In July 1956, on a routine physical exam- 
. ination, a hemoglobin of 22 Gm. per 100 ml. was 
A discovered. He was treated with monthly phleboto- 
2 mies and was referred to the Charleston General 
= Hospital in September 1956. 

r Physical examination revealed a cyanotic but 
9 otherwise healthy appearing man. The blood pres- 


sure was 130/100 and the pulse 96. The weight 
was 76 Kg., the height was 185 cm. The fingers 
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were long and tapered; clubbing was present. The 
lungs were clear. The heart was enlarged to the 
left. The rhythm was regular. There were a mod- 
erately loud, holosystolie murmur in the third 
interspace parasternally, a short basilar diastolic 
murmur, and an apical presystolic murmur or 
gallop. The liver was nontender and palpable just 
below the costal margin. There was no peripheral 
edema. 

The hemoglobin was 22 Gm. per 100 ml., the 
hematocrit level 73 per cent, and the white cell 
count 7,000. The blood urea nitrogen was 17 mg. 
per 100 ml. There was persistent proteinuria, 
ranging from 1+ to 3+. 

The electrocardiogram showed right atrial en- 
largement and left ventricular hypertrophy. The 
mean QRS axis was —45° (fig. 3). The chest roent- 
genogram showed moderate cardiac enlargement 
and a slight decrease in vascular markings (fig. 
7). Cardiae catheterization (table 1) and venous 
angiocardiography (fig. 8) were carried out. The 
diagnosis of an atypical tricuspid atresia was made 
and the patient was discharged to await surgery. 

In August 1957, the patient underwent thora- 
cotomy. The right ventricle and pulmonary artery 
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Figure 3 


Electrocardiograms of Family E: A-II-1, B-II-4 (the precordial leads are one-half 
standard), and C-III-1. There is a remarkable similarity: all show left axis deviation, 
atrial enlargement, left ventricular hypertrophy with “strain” pattern, and top normal 
or prolonged P-R interval. 


were markedly underdeveloped, the atria and left insufficient, or stenotic. A fenestrated atrial septal 
ventricle were enlarged. The tricuspid and pul- defect about 3 em. in diameter was present. No 
monie valves were hypoplastic but not atretic, corrective procedure was attempted. Postopera- 
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tively, the patient did poorly. He had frequent 
episodes of pleuritis and bronchitis. He died at 
home in congestive heart failure in 3 months. No 
necropsy was obtained. 


Case ITI-1 


Ca.E.* is a 13-year-old schoolgirl. At the age 
of 5 years, during examination for a foreign body 
in the auditory canal, a harsh holosystolie murmur 
was heard parasternally. Except for frequent at- 
tacks of tonsillitis and pharyngitis, the patient 
had been asymptomatic. No cyanosis, clubbing, or 
hepatomegaly was noted. The hemoglobin was 
14 Gm. per 100 ml. The electrocardiogram and 
chest roentgenogram were suggestive of early left 
ventricular enlargement. The lung fields showed a 
slight inerease in vascular markings. Cardiac 
catheterization (table 1) was performed, and a 
diagnosis of ventricular septal defect was made. 

After a tonsillectomy at age 8 years, she had 
no further attacks of frequent respiratory infec- 
tions. Her lips became blue on oceasion and she 
had been on a program of limited physical activ- 
ity. In September 1959, she began to participate 
in school gymnasties and noted easy fatigue eom- 
pared to her classmates. In January 1960, she had 
a cold that was followed by ankle edema and mod- 
erate dyspnea, but no orthopnea. The patient was 
then admitted to the Hospital of the University of 
Pennsylvania. 

Physical examination revealed an acutely ill girl 
who lay flat in bed with minimal discomfort. She 
was cyanotic and had moderate pretibial and pedal 
edema. The blood pressure was 125/70, the pulse 
90. The cervical veins were distended at 90°, and 
filled from below. There were fine rales and rhonchi 
in both lung fields. The heart was enlarged to the 
left. The rhythm was regular. There was a loud 
holosystolic, harsh murmur parasternally, which 
radiated to the apex. A protodiastolie gallop was 
present. The liver was palpable 5 em. below the 
eostal margin and was nontender. 

The patient was treated with bed rest, diuretic 
agents, and digitalis. During the first 72 hours 
she lost 5 Kg. and during her hospitalization 9 
Kg. of edema. After the diuresis, the gallop 
rhythm disappeared though the systolic murmur 
persisted. 

The hemoglobin ranged from 13.5 to 15.9 Gm. 
per 100 ml. and there was persistent 2+ pro- 
teinuria. The total serum protein was 6.4 Gm.; 
albumin 3.0 and globulin 3.4 Gm. per 100 ml. The 
electrocardiogram showed right and left atrial 
enlargement and left ventricular hypertrophy. The 
mean QRS axis was -30° (fig. 3). The chest roent- 


*Details of this case were furnished through the 
courtesy of Dr. John H. Helwig, Jr., Associate in 
Medicine, University of Pennsylvania School of 
Medicine. 
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Figure 4 
Chest roentgenogram of case II-1. 


genogram showed nonspecific cardiac enlargement 
and a slight decrease in pulmonary vascularity 
(fig. 9). Cardiac catheterization (table 1) and 
venous angiocardiography (fig. 10) were per- 
formed. 

The patient is permitted limited activity and is 
fairly well compensated except for paroxysmal] 
supraventricular and ventricular tachycardia. 

Cardiac Catheterization 

These data are summarized in table 1 and 
figure 11. None of the cases showed clinical 
evidence of congestive heart failure at the 
time of their study; cases II-1 and III-1 had 
been digitalized. The pulmonary arterial 
pressures were normal. There was significant 
elevation in right ventricular end-diastolic 
pressures (except in the first catheterization 
in ease III-1). No pressure gradient was 
found across the pulmonic or tricuspid 
valve. Right atrial pressure equaled left atrial 
or pulmonary capillary venous pressure in 
individual cases. A step-up in oxygen content 
at the atrial level was consistent with atrial 
septal defect in cases II-1 and III-1; the data 
in ease II-4 were incomplete. Higher concen- 
trations of oxygen in the right ventricle or 
pulmonary artery were compatible with in- 
complete mixing of the shunted blood when 





Figure 5A 
Heart of case II-1. Heart is shown in situ; the 
hypoplastic right ventricle is readily apparent. 
RAA, right atrial appendage; RV, right ven- 
tricle; LV, left ventricle; LAA, left atrial ap- 
pendage; PA, pulmonary artery; AA, ascending 
aorta, 


other data were taken into account. For ex- 
ample, in case II-1, the data also suggested 
ventricular septal defect. This was excluded 
by the failure to record the characteristic 
murmur in the right ventricle at the time of 
eardiac catheterization. Although the find- 
ings in case III-1 were consistent with ven- 
tricular septal defect at the time of the first 
catheterization, the data indicated atrial sep- 
tal defect at the second catheterization. 
Nevertheless, it appears from a further step- 
up in oxygen content that a ventricular septal 
defect is present as well. Oxygen samples low 
in the atrium and near the valve were not sig- 
nificantly different from the ventricular sam- 
ples. Finally, all patients showed arterial 
oxygen desaturation from right-to-left shunt- 
ing through the atrial septal defect. 


Angiocardiography 

These were difficult to interpret in the 
anteroposterior projection (figs. 8 and 10) 
and reference should be made to the patho- 
logic specimen (fig. 5) for orientation. The 
right atrium was dilated and there was early 
appearance of dye in the left atrium signify- 
ing right-to-left shunt. Because of superim- 
position of the right ventricle on the left 
atrium, the full extent of the right ventricle 
was difficult to distinguish with certainty. 
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Figure 5B 

Same case as figure 5A. Shows diminutive right 
ventricle whose size is the same as the atrial sep- 
tal defect. The close proximity of the atrial septal 
defect to the inferior vena cava probably accounts 
for the high oxygen content in the latter vessel 
obtained at cardiac catheterization. ASD, atrial 
septal defect; RA, right atrium; TV, tricuspid 
valve; IVC, inferior vena cava. 


Nevertheless, it appeared small in contrast to 
the dilated hypertrophied left ventricle. The 
pulmonary artery was small but not dispro- 
portionate to the right ventricle. 


Discussion 

Anatomy 

The defect was characterized by a small 
right ventricular chamber with normally sep- 
arated and positioned tricuspid and pulmonic 
valve leaflets. The tricuspid valvular ring was 
small or functionally dilated by heart failure. 
The myocardium was thin or of normal thick- 
ness and showed normal histologic features. 
Its vascular supply was normal. The atria 
were dilated and hypertrophied because of the 
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Figure 6 


Schematic view of heart of case II-1. The relative 
dimensions obtained at necropsy are depicted (for 
abbreviations see figure 5A and B). 


interatrial shunt and the restriction to filling 
offered by the hypoplastic right ventricle. In 
the 2-month-old baby in the present paper 
and the two infants reported by Medd et al.,* 
the foramen ovale was patent but competent. 
In the older patients, the 4-year-old child re- 
ported by Gasul et al.* and cases II-1 and IT-4, 
39 and 22 years old, respectively, an atrial 
septal defect was present. The left ventricle 
was dilated and hypertrophied presumably 
because it bore the brunt of the circulation. 
In ease IT-1, a mild aortic stenosis and left 
ventricular fibroelastosis were found but were 
not considered to play a significant part in 
the clinical picture. 

This disorder must be differentiated from 
right ventricular hypoplasia associated with 
other malformations. By far, the most com- 
mon of these is tricuspid atresia. Pulmonary 
atresia with closed ventricular septum, over- 
riding of the tricuspid valve as in some cases 
of complete transposition of the great vessels, 
and tricuspid stenosis may also be respon- 
sible. In Ebstein’s malformation, the right 
ventricle is of thin or normal thickness but 
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Figure 7 
Chest roentgenogram of case II-4. 


its cavity is always diminished by a down- 
ward displacement of the tricuspid valve. 
Cooley et al.2 mentioned a case of right ven- 
tricular hypoplasia secondary to an absence 
of the right coronary artery. Finally, Uhl‘ 
reported a 7-month-old child in whom the 
right ventricular myocardium was replaced 
by fibrous tissue (‘‘parchment heart’’). In 
this anomaly the right ventricular endocar- 
dium and epicardium were contiguous while 
the left heart and coronary vessels were nor- 
mal. In contrast to the diminutive chamber 
in isolated right ventricular hypoplasia, the 
right ventricular chamber was dilated and 
filled with a large laminated thrombus. 
Etiology 

The etiology of this anomaly is unknown. 
Medd et al.* pointed out that the hypoplasia 
of the right ventricle may be a primary devel- 
opmental anomaly or be secondary to a reduc- 
tion of tricuspid flow during fetal life. It is 
of interest that five of the eight reported cases 
are familial. Moreover, it is the only type of 
congenital heart disease in the affected fami- 












Figure 8 
Angiocardiogram of case II-4. Films at 3 seconds 
(top) and 5 seconds (bottom) after injection of 
radiopaque dye. Early opacification of the left 
side of the heart is seen, and the right ventricle 
appears diminutive. Radiopaque material refluxes 
into the inferior vena cava and azygos vein, in- 
dicating increased resistance to filling of the right 
ventricle or tricuspid regurgitation. The left ven- 
tricle is hypertrophied (for abbreviations see fig- 
ure 5A and B; in addition, SVC, superior vena 
cava; AV, azygos vein). 


lies. This is in agreement with the observa- 
tions of Wood,® who stated that congenital 
heart disease occurring in more than one mem- 
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ber of a family is nearly always of the same 
type. 


Hemodynamics 

The case of Gasul et al.* and the three cases 
in the present report constitute the basis for 
this discussion; all had atrial septal defects. 
No data are available for those cases with 
patent foramen ovale who died during in- 
fancy. 

The basic hemodynamic disturbance is the 
obstruction to inflow of blood into the right 
ventricle due to the small size of the chamber. 
Before puberty, the right ventricle end-dias- 
toliec pressure may be normal (Gasul et al.® 
and case III-1). There is a left-to-right atrial 
shunt but, in addition, a right-to-left shunt is 
present because the diminutive right ventricle 
cannot accept both the systemic return and 
the blood shunted from the left atrium. At 
this stage, the only manifestation of the re- 
striction to inflow is a prominent ‘‘a’’ wave 
in the atrial pulse and on the right ventricular 
pressure tracing. With time, the small right 
ventricle dilates and the end-diastolic pres- 
sure rises but this still is inadequate. The 
mixed atrial shunt persists and the arterial 
desaturation provokes secondary polycythe- 
mia. Thus, the picture in the adult is that of 
a mixed atrial shunt, an elevated end-diastolic 
pressure in the right ventricle with a promi- 
nent ‘‘a’’ wave, and the absence of pulmonary 
hypertension, tricuspid stenosis, or pulmonary 
stenosis. 

This is a unique situation previously de- 
scribed only in certain cases of Ebstein’s 
malformation.® The recording of intracardiac 
pressure and intracardiac electrical potential 
simultaneously serves to differentiate this 
anomaly from isolated right ventricular hypo- 
plasia. In Ebstein’s malformation, right ven- 
tricular electrical potential is recorded with 
right atrial pressure pulse.?® This denotes that 
the right ventricle forms part of the right 
atrial cavity. 

Though the end-diastolic right ventricular 
pressure is approximately one third the sys- 
tolic, a situation akin to chronic constrictive 
pericarditis, the pressure pulse contour is not 
the same. The striking feature in constrictive 
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Figure 9 
Chest roentgenograms of case III-1. At the age of 10 years, the heart is top normal in 
size and the pulmonary vascular markings are slightly increased. Three years later on 
March 7, 1960, the heart has undergone considerable enlargement and the pulmonary 
vascular markings are less prominent. 


pericarditis is an early diastolic dip followed 
by a rapid rise of the diastolic pressure to 
form a plateau.'! In contrast to the prominent 
‘fa’? waves in the right atrial and ventricular 
pulse pressures in isolated right ventricular 
hypoplasia, giant ‘‘a’’ waves have not been 
noted.’ Furthermore, arterial oxygen desatu- 
ration has not been observed in cases of atrial 
septal defect complicated by constrictive 
pericarditis.'* 

In case II-1, aortic stenosis had reduced the 
valve area to 1.9 em.*. Unfortunately, left 
heart catheterization was not carried out but 
on the basis of a theoretical formula relating 
pressure, flow and valve area,'* it appears 
that the lesion was not hemodynamically sig- 
nificant. 


Clinical Features 


Habitus. If this anomaly is symptomatic at 
birth or an early age, development may be 
retarded. On the other hand, if symptoms de- 
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velop after puberty, as in Family E, the 
patients are tall and slender, with normal or 
slightly decreased weight. The physiognomy 
is not consistent with that of the Marfan 
syndrome. 

Cyanosis. This appeared at birth or in 
childhood and was a feature common to all 
the cases. Secondary polycythemia was pres- 
ent in the adults. Clubbing of the fingers was 
noted in two of the eight cases (Gasul et al.* 
and case II-4). 

Dyspnea. In general, this was not a major 
complaint and was brought out usually with 
exercise. Nevertheless, the adults with the 
disorder were able to carry out moderately 
strenuous activity without discomfort (case 
II-1 was a coal miner). 

Signs of Venous Congestion. All the adults 
showed elevated cervical venous pressure with 
prominent ‘‘a’’ waves, hepatomegaly, pro- 
teinuria, and peripheral edema at some stage 
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Figure 10 
Angiocardiogram of case III-1, There is a 2-second interval between these films. Early 
opacification of the left side of the heart is seen and it appears that the right ventricle 


is diminutive. Radiopaque material refluxes into the inferior vena cava. The left ventricle 
is dilated. 


of their disease. The elevated cervical venous 
pressure persisted even after diuresis to a dry 
weight. However, in Gasul’s* 4-year-old child, 
after clearing of the presenting signs of as- 
cites, edema, and increased cervical venous 
pressure, the right atrial pressure became 
normal. Finally, the two infants who died 
during the first week of life, both had 
pulsating livers.* 

Signs of Pulmonary Congestion. Orthopnea 
was not recorded in any of the cases. More- 
over, fine basilar rales were heard infre- 
quently even in patients with marked right- 
sided failure. 

Cardiac Impulse. The impulse was displaced 
to the left and was forceful though diffuse. 
In case II-1, an apex cardiogram revealed that 
the presystolic outward thrust was as promi- 
nent as the ventricular systole. This probably 
was due to the large amount of blood filling 


the left ventricle from a left atrium distended 
by the right-to-left shunt. 

Cardiac Auscultation. There are no specific 
murmurs in this disorder though gallop 
rhythms are common. Thus, a_presystolic 
gallop was heard in ease 2 of Medd et al.,* in 
Gasul et al.,* and cases II-1 and I1-4; a proto- 
diastolic gallop was heard in III-1. The two 
infants and the baby in the present report 
had no murmurs. In eases II-4 and III-l, 
rather harsh pansystolic murmurs were heard 
parasternally. Their significance is question- 
able; perhaps they were due to a functional 
tricuspid insufficiency, though the contour of 
the pressure pulses from the right atrium did 
not lend support to this hypothesis. A regur- 
gitant jet probably would not produce a large 
‘‘v’? wave, for the right atrial dilatation was 
extreme, and there was free communication 
with the left atrium. In case II-1 an attempt 


Circulation, Volume XXIV, December 1961 


RIGHT VENTRICULAR HYPOPLASIA 


mmHg 


1399 











Figure 11 
Pressure: pulse tracings of the right ventricle (RV) and the right atrium (RA). From 
the top downward are cases II-1, II-4, and III-1. The curves are remarkably similar in 


contour (the tracings are damped in II-4). The right ventricular systolic pressures are 
normal or slightly increased; the end-diastolic pressures are increased. 
are prominent and superimposed on the ventricular pressure tracings. 


The “a” waves 
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was made to localize the source of the auscul- 
tatory findings by recording the intracardiac 
sounds. The presystolic gallop, which was 
transmitted widely over the precordium, orig- 
inated wholly or in part from the right side 
of the heart (the left atrium and ventricle 
were not examined). The soft, blowing, ejec- 
tion murmur at the aortic region originated 
in the pulmonary artery and was probably 
due to increased flow from the left-to-right 
interatrial shunt. Finally, the systolic click 
was not heard in the right side of the heart 
nor ascending aorta, and its site of origin is 
unknown. 
Electrocardiography 

The electrocardiographic features of iso- 
lated right ventricular hypoplasia are quite 
similar to those found in tricuspid atresia. In 
six eases of right ventricular hypoplasia 
(Gasul et al.,* Medd et al.,* Family E), all 
showed signs of left ventricular hypertrophy 
or absence of right ventricular potential in 
the precordial leads. There was left axis de- 
viation in five cases, right axis in one case. 
Combined atrial hypertrophy was found in 
four cases, right atrial hypertrophy was 
found in two cases. In tricuspid atresia, a 
condition also associated with defective right 
ventricular development, practically all cases 
show left ventricular hypertrophy in the pre- 
cordial leads, about 90 per cent have left axis 
deviation, and approximately 70 per cent 
show ‘‘P’’ wave abnormalities..5 Therefore, 
on electrocardiographie grounds, isolated hy- 
poplasia of the right ventricle and tricuspid 
atresia cannot be differentiated. In Ebstein’s 
malformation, however, which may present 
with similar clinical findings, left ventricular 
hypertrophy is quite rare and approximately 
75 per cent show right bundle-branch block.’ 
Roentgenography 

Teleroentgenograms. The cardiac silhouette 
is normal or shows moderate enlargement with 
no specific contour. Frequently left ventricu- 
lar hypertrophy is present. In contrast to 
tricuspid atresia of which approximately 80 
per cent have scanty pulmonary vascular 
markings, the markings were normal or 
slightly increased in 80 per cent of the five 


SACKNER, ROBINSON, JAMISON, LEWIS 


eases of isolated right ventricular hypoplasia 
(the present series, Gasul et al. and Medd 
et al.*). 

Angiocardiography. This shows an enlarged 
right atrium with early opacification of the 
left atrium due to the right-to-left shunt. The 
right ventricle is diminutive and may be dif- 
ficult to define because of its superimposition 
on the early opacified left atrium. The left 
ventricle is hypertrophied and dilated. 


Diagnosis 


The diagnosis of this disorder should be 
suspected when cyanosis and signs of periph- 
eral venous congestion predominate in a pa- 
tient with left ventricular hypertrophy of 
uncertain etiology. Nonspecific systolic mur- 
murs and gallop rhythms are frequent. The 
electrocardiograms show left axis deviation, 
left ventricular hypertrophy, and right atrial 
or combined atrial enlargement. The clinical 
diagnosis is confirmed by cardiac catheteriza- 
tion and venous angiocardiography. The 
presence of a mixed shunt at the atrial level 
in the absence of pulmonary hypertension, 
tricuspid or pulmonic valvular disease dem- 
onstrates the restriction to inflow caused by 
the hypoplastic right ventricle. This restric- 
tion is further suggested by the prominent 
‘*a’’ waves in the right atrial and ventricular 
pressure pulses. 

Pulmonary atresia, Ebstein’s malformation, 
tricuspid atresia, and Bernheim’s syndrome 
must be considered in the differential diag- 
nosis because of the findings of cyanosis, right- 
sided failure, left ventricular enlargement, 
and absence of distinctive murmurs. Pulmo- 
nary atresia can be excluded because a split 
second sound is present. As contrasted to the 
left ventricular hypertrophy in isolated right 
ventricular hypoplasia, the electrocardiogram 
in Ebstein’s malformation shows right bun- 
dle-branch block in 75 per cent of cases. A 
definite differentiating point can be obtained 
only by recording intracardiac pressures and 
electrocardiograms simultaneously. In Eb- 
stein’s malformation right atrial pressure is 
recorded with right ventricular electrical po- 
tential. The clinical electrocardiographic and 
roentgenographic features of tricuspid atresia 
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are quite similar to isolated right ventricular 
hypoplasia. Cardiac catheterization readily 
differentiates the two, since the catheter can- 
not be passed across the atretic tricuspid 
valve. In Bernheim’s syndrome signs of iso- 
lated right-sided heart failure are produced 
by stenosis of the cavity of the right ventricle 
by displacement of the interventricular sep- 
tum. Cyanosis may be present due to periph- 
eral stasis.1° A history of preceding left ven- 
tricular disease is usually obtained. 
Prognosis 

It is noteworthy that the reported patients 
who died in infancy and the 2-month-old baby 
in this paper had patent but valvular compe- 
tent foramen ovale. However, the cases of 4 
to 39 years of age had atrial septal defect. 
Whether this is a fortuitous finding or is sig- 
nificant cannot be decided on the limited num- 
ber of cases. The cause of death is severe 
intractable heart failure, which may be com- 
plicated by serious cardiac arrhythmias. 
Treatment 

Gasul and associates® reported the only case 
in which surgical palliation of the defect has 
beer attempted. They anastomosed the supe- 
rior vena cava to the right pulmonary artery 
in an effort to lower the load to the small right 
ventricle. Symptomatic improvement was 
evident, the peripheral arterial oxygen satura- 
tion rose from 80.6 to 89.4 per cent, the mean 
right atrial pressure dropped from 7 to 4 mm. 
Hg, and a left-to-right atrial shunt then pre- 
dominated. However, no electrocardiographic 
or roentgenographic changes resulted, and 
the patient showed signs of congestive heart 
failure 9 months postoperatively. The authors 
stated that they are considering closure of 
the atrial septal defect. 


Summary 

With the rare exception of connective-tissue 
replacement of the right ventricular myocar- 
dium (‘‘parchment heart’’), underdevelop- 
ment of the right ventricle, as a clinical 
entity, has been related to tricuspid atresia 
or stenosis, pulmonary atresia and certain 
eases of transposition of the great vessels. 
This report is concerned with four cases, aged 
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2 months to 39 years, in which a diminutive 
right ventricle was not dependent on these 
factors. Three cases occurred in the same 
family and, in association with atrial septal 
defect, produced distinctive clinical and 
hemodynamic features. Right-sided heart fail- 
ure predominated, dyspnea was mild to mod- 
erate, and cyanosis was present in association 
with clinical, electrocardiographic, and roent- 
genographic evidence of left ventricular 
enlargement. Cardiac catheterization and ve- 
nous angiocardiography showed a_bidirec- 
tional interatrial shunt, normal pulmonary 
arterial pressure, no pressure gradient across 
the pulmonic and tricuspid valves, and a 
diminutive right ventricle. Anastomosis of 
the superior vena cava to the right pulmonary 
artery and closure of the atrial septal defect 
may ameliorate the hemodynamic disturbance. 
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Production of Aortic Regurgitation by Unperforated 
Aneurysm of the Sinus of Valsalva 


By Seymour B. Lonpon, M.D., anp Rose E. Lonpon, M.D. 


ECENTLY we observed an elderly man 

with the classical features of aortic re- 
gurgitation and progressive left ventricular 
failure. Postmortem studies revealed the cause 
of the regurgitation to be an unperforated 
aneurysm of a sinus of Valsalva. Since aneu- 
rysm of the sinus of Valsalva is generally un- 
recognized until perforation occurs, the pres- 
ence of aortic regurgitation, unexplained by 
other causes may be a diagnostic clue to this 
potentially lethal lesion. Surgical repair of 
the unperforated aneurysm may prevent the 
complications of aortico-cardiac fistula, sub- 
acute bacterial endocarditis, and cardiac 
failure. 

Report of Case 

A 76-year-old retired pharmacist 5 years prior 
to his terminal illness developed progressive cardiac 
disability, marked by dyspnea, orthopnea, and 
peripheral edema. The onset was associated with 
a partial paralysis of the left hand and leg. For 
2 years prior to his death, he suffered bouts of 
severe chest pain over the right anterior chest, 
with radiation through both shoulders into the 
hands. The only significant past history was of 
a “chest condition,” discovered over 40 years ago, 
for which restricted aétivity was advised. 

On physical examination a nodding motion of 
the head was observed with each heart beat. The 
heart was enlarged with the apical impulse in the 
sixth left intercostal space at the anterior axillary 
line. The sounds were of good quality and the 
aortic second sound was louder than the pulmonic 
second sound. A loud diastolic murmur was heard 
over the precordium and was loudest at the aortic 
area, where a short systolic murmur was also 
heard. The blood pressure was 210/60. The lungs 
were resonant but many rales were present at 
both bases. No abdominal organs were palpable. 
The left arm and leg were weak, and there was 
moderate pitting edema of the legs. Peripheral 
pulsations were symmetrical and of a “water ham- 
mer” collapsing type, with capillary pulsations of 
the lips and nail beds. 

Electrocardiograms showed marked left ven- 
tricular hypertrophy (fig. 1). X-ray of the chest 
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indicated left ventricular enlargement; the aorta 
was tortuous but not dilated (fig. 2). The hemo- 
gram, Kahn test, urine examination, and serum 
electrolytes were normal. 

For the 4 months prior to his death the patient 
experienced a relentless worsening course, marked 
by severe left ventricular failure responding poorly 
to salt restriction, digitalization, and diuretics. 
There were frequent attacks of severe prolonged 
chest pain attributable to coronary insufficiency 
and one episode associated with electrocardio- 
graphic evidence of anteroseptal myocardial in- 
faretion. He died during an acute bout of severe 
chest pain, orthopnea, and peripheral vascular 
collapse. 

Autopsy showed an unperforated aneurysmal 
dilatation of the right sinus of Valsalva, measuring 
2 by 1% em., which was eccentrically oriented, 
extending posteriorly behind the commissure of 
the right coronary and noncoronary leaflets (fig. 
3). The aneurysm protruded down to the right 
atrium, indenting the tricuspid valve ring but not 
perforating through the thin glistening endothe- 
lium. There was no evidence of syphilis of the 
aorta. The aortic and mitral valves showed slightly 
nodular thickening commensurate with age but 
the chordae tendineae were thin. The endocardium 
of the left ventricle just beneath the valve of the 
right coronary sinus demonstrated thickening with 
formation of “diastolic pockets” (fig. 4) at several 
levels, pathognomonic of aortic valvular regurgi- 
tation.1 Left ventricular hypertrophy was present. 
There was arteriosclerotic narrowing in all coro- 
nary vessels with occlusion of the left anterior 
descending artery and old and recent anterior 
myocardial infarction. There were chronic hyper- 
emie changes in the lungs and abdominal organs 
compatible with congestive heart failure. 


Discussion 

Congenital aneurysm of sinus of Valsalva 
is a developmental defect due to the failure 
of the aorta to fuse firmly with the membra- 
nous ventricular septum at the annulus.” * 
The high intraluminal aortic pressure causes 
thinning and protrusion of the weakened 
structure. Since the location of the aortic an- 
nulus is intracardiac, aneurysms of the differ- 
ent sinuses bear unique relationships,*° the 
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Figure 1 





Figure 2 


Teleroentgenogram of chest. The mediastinum is 
not remarkable. The left ventricle is prominent. 


right coronary sinus being related to the right 
ventricle, and the noncoronary sinus to the 
right atrium. The left coronary sinus, which 
generally is not involved in congenital aneu- 
rysm, is encased in the left ventricle. 


Figure 3 

Postmortem view of open heart at the level of the 
base of the aorta, aortic valves, and left ventricle. 
The arrow above the aneurysm and the clamp 
retracting the normal thin valve of the right 
coronary sinus demonstrate the eccentric position 
of the aneurysm. The superior margin of the aneu- 
rysm formed by the aortic endothelium projects 
“self-like” over the aneurysm. The wall of the left 
ventricle (lower right margin of the picture) is 
hypertrophied. 


Perforated aneurysm of the sinus of Val- 
salva has received considerable attention re- 
cently because of the dramatic nature of the 
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Figure 4 
Endothelial pockets formed by the regurgitant jet 
are indicated by the arrow. The normal commissure 
between the right coronary sinus and posterior 
(noncoronary sinus) and the mouth of the aneu- 
rysm is seen above the arrow. 


illness,** the outstanding physical signs, the 
confirmation by contrast aortography, and the 
recent feasibility of surgical repair.® 1° 1? On 
the other hand, unperforated aneurysm of the 
sinus of Valsalva has received scanty mention 
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because of the lack of characteristic features. 
Outstanding in our case was the classical aor- 
tic regurgitation, manifested by clinical, elec- 
trocardiographic, and x-ray findings and 
confirmed by postmortem studies. While there 
has been occasional association'*» of aortic 
regurgitation with unruptured aneurysm of 
the sinus of Valsalva of the congenital type, 
the significance and the mechanism of pro- 
duction of aortic regurgitation in this situa- 
tion have not been elucidated. Our concept 
based on the anatomic findings in this ease, 
is that the failure of the aorta to fuse to the 
annulus fibrosis not only provides a weakened 
area, so that aneurysms can be produced, but 
that the annulus itself is not supported by 
the suspending action that the aorta normally 
provides. As the high intraluminal pulse pres- 
sure is exerted against the weakened wall, 
aneurysmal formation occurs with protrusion 
into the adjacent structure. Since the annulus 
is unsupported, it eventually is involved in 
this protrusion with the result that buckling 
of the rim occurs. This interferes with appo- 





Figure 5 


Relationship of the unperforated aneurysm of the sinus of Valsalva to the annulus of 
the aortic ring. A. Normal relationships of sinus of Valsalva to adjacent structures at 
the annulus of the aorta. B. Congenital weakness of sinus of Valsalva area is due to 
failure of fusion of aorta to annulus. Arrow indicates direction of pressure against the 
weakened wall. C. Protrusion of aneurysm (S.V.A.) into right atrium and base of 
tricuspid valve; displacement of annulus laterally and failure of apposition of valves 
causes regurgitant jet; production of endothelial diastolic pockets (D.P.) on the ven- 
tricular septum results. A, aorta; Ann, annulus; A.S.V., aortic semilunar valves; 
Lwv., left ventricle; r.a., right atrial wall; r.v., right ventricular wall of septum; S, septum; 


S.V., sinus of Valsalva; T.V., tricuspid valve. 
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sition of the valves and leads to aortic regur- 
vitation (fig. 5). 

The clearly audible aortic second sound de- 
spite clinical aortic regurgitation is consistent 
with the normal, pliable valves found at au- 
topsy and serves as a distinguishing feature 
from rheumatic valvulitis and calcific aortic 
disease, in which the valve structure is fixed 
and deformed, with loss of the aortic second 
sound. Syphilis of the aorta results in separa- 
tion of the commissure with resultant aortic 
regurgitation. The second aortic sound even- 
tually disappears when the valves, which are 
otherwise normal, are unable to achieve any 
approximation. 

Since aortography'-"' clearly identifies the 
presence and magnitude of the aneurysm of 
the sinus of Valsalva, it serves ante mortem 
as the single diagnostic criterion in distin- 
guishing the etiology of aortic regurgitation. 
Clinical suspicion, however, should be aroused 
in all cases of aortic regurgitation in which 
the etiology is not obvious. 


Conclusions 

A ease report is presented of an elderly man 
with severe aortic regurgitation and cardiac 
failure in which the etiology, revealed by post- 
mortem studies, was due to the effects of un- 
perforated aneurysm of the sinus of Valsalva. 

The mechanism of production of aortic re- 
gurgitation due to aneurysm of the sinus of 
Valsalva is discussed. 

Unperforated aneurysm of the sinus of 
Valsalva should be considered as a possible 
cause of aortic regurgitation and cardiac fail- 
ure when the etiology has not been established. 
The usefulness of contrast aortography is sug- 
gested in those cases in which surgical repair 
might be desirable. 
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Roentgen Television Study of Cardiac Calcifications 


By N. P. G. Epurne, M.D. 


N HEART SURGERY of mitral and aortic 

stenosis the presence of calcifications in 
the ostial rings and valves makes the manage- 
ment more difficult. The knowledge of the 
presence of calcifications preoperatively is 
therefore important. 

Our methods for their visualization used 
up to now have their advantages and disad- 
vantages. Screening reveals the characteristic 
movements of the deposits but requires full 
adaptation of the eye. Heavily exposed films, 
with very short exposures, can demonstrate 
the calcifications in different views but they 
may be overlooked if poor technic is used, or 
become unsharp in frequent heart pulsations. 
Tomography at small angles and short expo- 
sure time (Lindblom 1955) reveals even small 


From the Roentgendiagnostiec Department B, Karo- 
linska sjukhuset, Stockholm, Sweden. 


calcifications. The method is time-consuming 
compared with conventional heart radiog- 
raphy and being performed in oblique prone 
position, it is often too tiring for many heart 
patients. 

Since the introduction of the image intensi- 
fier with television the diagnostic situation is 
simpler. The apparatus used for the present 
study is a Siemens image intensifier and a 
Fernseh Orthicon television camera fitted 
with a conventional receiver. This procedure 
includes the advantages but not the disadvan- 
tages of the above methods. The patient may 
be examined in sitting or lying position in 
daylight. The time needed for the examination 
is about the same as for ordinary screening. 

The calcifications are visible with great evi- 
dence on the television screen (figs. 1 and 2). 
For study of the mitral ostium, frontal and 
lateral views are sufficient ; for the aortic os- 





Figure 1 


Calcifications of mitral ring. Frontal views. Left. Plain radiographic in erect position 
of the patient. Right. Photograph of television picture in supine position of the patient. 
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Figure 2 


Calcifications of mitral ring and left coronary artery (arrows). Lateral views. Left. Plain 
radiograph in erect position of the patient. Right. Photograph of television picture in 
lying position of the patient. 


tium, slight rotation to the left and a lateral 
position are required. The movements of the 
calcifications, not only identify and differen- 
tiate them from calcifications of the lungs and 
ribs, but also facilitate their recognition when 
they are small or of poor density. In question- 
able cases the radial pulse indicates the rate 
of the movements; difficulties may occur in a 
slow, perpetual arrhythmia. Differences in 
the extent of the movements of the calcified 
area may suggest localization to the ring, or 
to the valves. 

In addition, calcifications of the coronary 
arteries are also easily observed, due to their 


movements. The left artery is generally most- 
ly affected and the changes are visible in 
slight rotation to the left and in the lateral 
view (cf. fig. 2). 

With some experience it should be possible 
also to exclude cardiac calcifications of clini- 
eal importance by means of the method. 


Summary 
A study on roentgen television of cardiac 
calcifications is reported. 
Reference 


LrypsLoM, K.: Rotation tomography at small angles. 
Acta radiol. 43: 30, 1955. 
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Direct Communication of a Pulmonary Artery 
with the Left Atrium 


An Unusual Variant of Pulmonary Arteriovenous Fistula 


By Russewu V. Lucas, Jr., M.D., Gzorce W. Lunn, M.D., 
AND JESSE E. Epwarps, M.D. 


HE CLINICAL INTEREST evidenced 

in recent years in pulmonary arterio- 
venous fistula results in part from the availa- 
bility of curative surgical procedures for its 
treatment. Since over 140 cases of this con- 
dition have been reported in recent years, it 
can no longer be considered rare. In pulmo- 
nary arteriovenous fistula a direct communi- 
cation exists between a large pulmonary 
artery, on the one hand, and a pulmonary vein 
on the other. Therefore, pulmonary arterial 
blood low in oxygen content is delivered with- 
out further oxygenation through the fistula 
to the left atrium. The result of this right-to- 
left shunt may be cyanosis, clubbing, dyspnea, 
polycythemia, and the opportunity for para- 
doxie embolization to the systemic circuit. 
The brain seems particularly prone to receive 
such emboli. Pulmonary arteriovenous fistulas 
range in size from very small, without clinical 
findings, to very large communications with 
prominent clinical manifestations. This report 
presents the case of a patient with an unusual 
form of pulmonary arteriovenous fistula, 
namely, direct communication of the right 
lower pulmonary artery with the left atrium. 
This anomaly had evidently been responsible 
for a large right-to-left shunt, as cyanosis had 
been a prominent clinical sign in this patient 
who succumbed to a cerebral abscess. 
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Supported by research grant no. H-5694 of the 
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Case Report 
Clinical Findings 


A 3-year-old, cyanotic white female child awoke 
one evening complaining that her left arm hurt. 
Shortly thereafter, the arm began to shake and 
in 1 hour she was unable to move it. Subsequently, 
several mild convulsive movements of the left 
arm and left leg occurred. The past history re- 
vealed that a normal delivery had followed a 
normal pregnancy. Growth and development had 
been normal but the patient was noted to be 
“dusky” at 1 year of age. No other symptoms 
were referable to the cardiopulmonary system. 

Physical examination revealed a cyanotic child 
who was listless, but could be aroused. The body 
temperature was 104 F. by rectum. Clubbing of 
the fingers and toes was present. A soft, systolie 
murmur was heard over the base of the heart. 
The cardiac rate and rhythm and blood. pressures 
were within normal limits. The only abnormal 
neurologic findings were a left knee jerk more 
active than the right and absent abdominal reflexes. 

Laboratory studies revealed a hemoglobin of 
18.5 Gm. per 100 ml., a hematocrit level of 62 
per cent, and a total leukocyte count of 8,600 
per cu. mm, The differential leukocyte count in 
percentages was as follows: neutrophils, 71; 
lymphocytes, 25; monocytes, 3; and eosinophils, 
1. The sedimentation rate was 15 mm. per hour. 
No remarkable findings were observed in the 
urinalysis, blood chemical or spinal fluid studies. 
Cultures of the urine and of the throat revealed 
no significant features. A Mantoux tuberculin test 
gave negative results. An electroencephalogram 
suggested a localized lesion in the right cerebral 
hemisphere. 

An electrocardiogram (fig. 1) revealed left axis 
deviation and evidences of left ventricular hyper- 
trophy and left atrial enlargement. A thoracic 
roentgenogram (fig. 2) suggested slight generalized 
cardiac enlargement with prominence of the left 
atrium and minimal right ventricular enlargement. 
A rounded density approximately 3 em. in diame- 





Figure 1 


Electrocardiogram taken during initial period of 
hospitalization. The pertinent findings include left 
axis deviation of the QRS complex and evidences 
of left ventricular hypertrophy and left atrial 
enlargement. 


ter, which could not be separated from the cardiac 
shadow, was present just to the right of, and 
anterior to, the spine. The pulmonary vascular 
markings were interpreted as normal. 

The admitting diagnosis was congenital cardiac 
disease with right-to-left shunt and cerebral abscess. 
Penicillin and chloramphenicol were administered. 
On the second day of hospitalization the tempera- 
ture had fallen below 100 degrees and remained 
normal thereafter. The neurologic symptoms 
cleared during the following 12 days. Results of 
repeated blood counts and urinalysis were normal 
throughout 12 days of antibiotic therapy. A throm- 
botic or embolic episode of the brain was there- 
fore considered more likely than an infectious one. 
The antibiotics were discontinued. On discharge 
from the hospital, on the fourteenth day, the 
patient’s neurologic findings were normal. She was 
to return in 1 month for angiocardiographie con- 
firmation and treatment of a clinically suspected 
pulmonary arteriovenous fistula. 

Three weeks following discharge from the hos- 
pital the patient suddenly became febrile and 
comatose. The spinal fluid contained 70,000 poly- 
morphonuclear leukocytes per cubic millimeter. 
Despite intensive antibiotic and supportive treat- 
ment, the patient died 6 hours following the onset 
of the terminal illness. 
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Figure 2 
Left. Posteroanterior thoracic roentgenogram 
taken during initial period of hospitalization. The 
pulmonary vascular markings are within normal 
limits. The bulge along the left cardiac border 
suggests left atrial enlargement. A rounded density 
is seen to the right of the spine in the region of the 
right pulmonary hilus. This density could not be 
separated from the cardiac shadow but was thought 
to represent a pulmonary arteriovenous fistula. 
Right. Lateral roentgenogram. The rounded density 
in question lies behind and inferior to the position 
of the left atrium. 





Pathologic Findings 


The pertinent findings were restricted to the 
central nervous and cardiovascular systems. Menin- 
gitis was associated with a solitary abscess in the 
right cerebral hemisphere containing 60 ml. of 
purulent material. Culture of this material revealed 
Pseudomonas aeruginosa. 

Study of the cardiovascular system revealed that 
the pulmonary trunk and the aorta were normally 
interrelated. The wall of the pulmonary trunk was 
thick, being almost as thick as the wall of the 
aorta. 

The origins of the right upper and lower pul- 
monary arteries and of the left pulmonary artery 
each showed a zone of moderate stenosis beyond 
which the walls approached normaley in thickness 
(fig. 3, left). 

The left lung and the course of the left pulmo- 
nary artery were normal. The left pulmonary 
veins, two in number, followed a normal course to 
the left atrium. The right lung had only one lobe, 
the upper, which filled the right hemithorax. The 
one vein from this lobe followed the course of the 
right upper pulmonary vein and entered the left 
atrium normally. 

The right pulmonary artery bifurcated into 
upper and lower branches. The upper branch 
entered the single lobe of the right lung. The 
right lower pulmonary artery led into the left 
upper aspect of a thin-walled sac-like structure 
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Figure 3 


Left. Interior of pulmonary arterial trunk (PT). It is dilated and thick-walled. Moderate 
stenosis is present at the origin of the left pulmonary artery (L), right upper pulmonary 
artery (RU) and the right lower pulmonary artery (line). Direct communication (line) 
exists between right lower pulmonary artery and the thin-walled aneurysmal sac (An). 
Communication of the latter with the left atrium is illustrated in Right. Right. The 
communication of the right lower pulmonary artery and aneurysmal sac (An) is again 
seen. The latter structure indents the adjacent pulmonary tissue and communicates 
directly with the left atrium (LA). The probe identifies the normal junction of the 
right upper, pulmonary vein with the left atrium. 


measuring about 2.5 by 2 em. in diameter. This 
structure. which lay to the right of the left atrium, 
was imbedded in a concavity of the medial aspect 
of the adjacent enlarged single right pulmonary 
lobe. The lower medial aspect of the sac-like 
structure, which received the right lower pulmo- 
nary artery, communicated with the left atrium 
at the expected location of the ostium of the 
right lower pulmonary vein (fig. 3, right). Because 
of the latter connection, on the one hand, and the 
aforementioned connection with the right lower 
pulmonary artery, on the other, the sac-like 
structure provided an unbroken connection between 
the right lower pulmonary artery and the left 
atrium (fig. 4). 

The right ventricular wall was of normal thick- 
ness, whereas the left ventricular wall was con- 
sidered mildly hypertrophied as its wall measured 
about 1.4 em. in thickness. The left atrial and 
ventricular cavities did not appear enlarged. 
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Discussion 

As in the case reported, communication be- 
tween a pulmonary artery and the left atrium 
is to be considered a form of pulmonary arte- 
riovenous fistula. In the usual form of this 
condition, pulmonary parenchyma is formed, 
and the abnormal communication lies within 
pulmonary tissue. In our case, absence of the 
middle and lower lobes in ass6ciation with the 
fistula described suggests that the primordia 
of these lobes had at one time been present 
but that while the vascular connections per- 
sisted, the parenchyma failed to develop. 
Enlargement of the capillary bed of the anom- 
alous area of the right lung may be repre- 
sented by the sac-like structure described. 
The arterial connection with this structure is 








Figure 4 
Diagrammatic representation of the anomaly, di- 
rect communication of the right lower pulmonary 
artery with the left atrium. The central right-to- 
left shunt resulting from this anatomic arrange- 
ment is demonstrated. 


representative of the early arterial system 
in this area, while the connection with the left 
atrium may be looked upon as representing 
the right lower pulmonary vein. 

Since direct communication of the right 
lower pulmonary artery with the left atrium 
appears to represent a form of pulmonary 
arteriovenous fistula, a brief consideration of 
this larger category of congenital disease is 
in order. The recent excellent reviews on pul- 
monary arteriovenous fistula by Stringer and 
associates! and by Muri* have well summar- 
ized the cases reported in the literature. Both 
reviews found that about 50 per cent of cases 
of pulmonary arteriovenous fistula are asso- 
ciated with telangiectasis of the skin and mu- 
cous membranes. Cyanosis and clubbing of the 
digits were very frequent. Dyspnea was less 
common, and was manifested relatively late. 
Congestive heart failure was unusual. Neuro- 
logic symptoms were frequent, occurring in 41 
of the 140 cases reviewed by Stringer, includ- 
ing five patients who succumbed with cerebral 
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abscess. A systolic cardiac murmur was pres- 
ent in about half the patients. Hemoglobin 
and hematocrit values were commonly ele- 
vated. Despite frequent and pronounced cya- 
nosis, cardiomegaly either by roentgeno- 
graphic or by electrocardiographie criteria 
was unusual. 

An insight into the natural history of the 
anomaly may be gained from Muri’s review 
of 117 cases of pulmonary arteriovenous fis- 
tula. Of the 50 patients who did not have 
corrective surgery, 20 succumbed, including 
five with cerebral abscess and seven with rup- 
ture of the fistula. Primary surgical mortality 
in the 67 patients who had received surgical 
correction was 7 per cent. 

The diagnosis of a pulmonary arteriovenous 
fistula may frequently be made from the tho- 
racic roentgenogram by visualization of a 
mass either near the pulmonary hilus or in a 
peripheral pulmonary field. This diagnosis 
may be confirmed by venous angiocardiog- 
raphy, which demonstrates the shunt from 
the pulmonary arterial to the pulmonary ve- 
nous systems. 

Friedlich and associates* reported on the 
hemodynamic findings in four patients with 
pulmonary arteriovenous fistulas (one patient 
with direct communication between the right 
pulmonary artery and the left atrium). Nor- 
mal pulmonary arterial pressure was univer- 
sal. Peripheral arterial oxygen desaturation 
resulted from a right-to-left shunt which was 
caleulated to vary from 42 to 76 per cent of 
the right ventricular output. Despite this 
large diversion of blood, cardiac output was 
normal in three patients and only slightly 
above normal in the fourth. 

Estimates of resistance of the fistulous tract 
alone and of the pulmonary vascular bed, ex- 
elusive of the fistula, were made by the afore- 
mentioned investigators. Resistance in the 
fistula was equal to that seen in the normal 
pulmonary vascular bed, whereas the vascular 
resistance in the nonfistulous part of the pul- 
monary vascular system was about twice nor- 
mal. Since the normal and anomalous pulmo- 
nary circuits are in parallel, this difference 
of resistance favors flow through the low re- 
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sistance (anomalous) channel. The common 
phenomenon of delay in appearance of cya- 
nosis until adolescenee or adult life is perhaps 
on a basis of acquired increasing resistance in 
the nonfistulous part of the pulmonary vas- 
eular bed. 

The type of pulmonary arteriovenous fis- 
tula wherein the pulmonary artery commu- 
nicates directly with the left atrium is a rare 
abnormality. Only two other cases are known 
to the authors. One of these occurring in a 15- 
year-old boy was reported by Friedlich and 
associates® as well as by Sloan and associates.* 
In this patient, cyanosis was first apparent at 
5 years of age and gradually increased in in- 
tensity. Clubbing of the digits and polyceythe- 
mia were associated. A pulsating hemangioma 
was present on the forehead. Cardiac cathe- 
terization revealed a normal right ventricular 
output but it was estimated that 71 per cent 
of this output was shunted into the systemic 
circulation (via the left atrium). The elee- 
troecardiogram showed right axis deviation, 
and the thoracic roentgenogram revealed a 
normal ecardiae shadow with no abnormalities 
of the pulmonary fields. Angiocardiography 
demonstrated a right-to-left shunt in close 
proximity to the right pulmonary hilus. 

At operation performed on this patient by 
Dr. Alfred Blalock, it was reported that one 
of the branches of the right pulmonary artery, 
which measured about 1 em. in diameter, ex- 
tended posteriorly and communicated directly 
with the left atrium. When the anomalous 
vessel was interrupted, the patient’s cyanosis 
disappeared immediately. 

A second case of communication of a pul- 
monary artery with the left atrium was re- 
ported in the Case Records of the Massachu- 
setts General Hospital.® A 45-year-old woman 
was admitted with mental confusion. The his- 
tory revealed that she had been cyanotic for 
at least 7 years. Examination revealed gen- 
eralized cyanosis but no clubbing of the digits. 
Congestive heart failure and atrial fibrillation 
were apparent. The electrocardiogram re- 
vealed evidence of right ventricular hyper- 
trophy and right bundle-branch block and 
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evidence for anterior myocardial infarction. 
Supportive treatment failed and the pa- 
tient succumbed. On pathologie examination 
there was a direct communication of the right 
pulmonary artery to the upper portion of the 
left atrium, the circumference of the anoma- 
lous channel being 2.5 em. In addition, there 
were cerebral emboli and infarcts, emboli in 
the posterior descending coronary artery, and 
splenic infarets. 

The clinical findings in patients with direct 
communication of a pulmonary artery with 
the left atrium differ only in degree from 
those in the more common types of pulmonary 
arteriovenous fistula. The large diameter of 
the fistulous channel in this type of connec- 
tion and its short course results in a low re- 
sistance in the fistulous channel and facili- 
tates a large right-to-left shunt. 

The cerebral abscess present in our case and 
its common occurrence in intrapulmonary 
types of arteriovenous fistula is considered a 
complication of the cireumstaneces of a central 
right-to-left shunt. In regard to this particu- 
lar complication, pulmonary arteriovenous 
fistula is similar to the many forms of intra- 
cardiac malformations that are associated 
with a right-to-left shunt.® 7 

The electrocardiogram of the patient whose 
case is here reported is of interest. It revealed 
evidence of left atrial enlargement, left axis 
deviation, and left ventricular hypertrophy. 
While the electrocardiogram has not been 
stressed in other reports on pulmonary arte- 
riovenous fistulas, it has usually been de- 
scribed as normal. In our ease, the findings 
of left atrial and left ventricular hypertrophy 
may, in fact, be due to the large right-to-left 
shunt that had apparently been present with 
a resultant augmentation of blood flow 


‘through the left atrium and left ventricle. 


It is apparent from the study of the path- 
ologic material in our case that surgical abla- 
tion of the fistulous channel at an appropriate 
time would have resulted in elimination of 
the right-to-left shunt and would have pre- 
vented the fatal complication, the cerebral 
abscess. 
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Summary 

Direct communication of a pulmonary 
artery with the left atrium is described and 
considered a variant of pulmonary arterio- 
venous fistula. 

A 3-year-old girl presented with clinical 
evidence of a lesion of the central nervous 
system. The history revealed that she had 
been cyanotic and had had clubbing of the 
digits and polycythemia. A rounded mass was 
noted in the region of the right pulmonary 
hilus in the posteroanterior thoracic roent- 
genogram. A pulmonary arteriovenous fistula 
was suspected, but the patient succumbed 
with a cerebral abscess before definitive diag- 
nostic studies and therapy were undertaken. 

Anatomic examination revealed an unusual 
variant of pulmonary arteriovenous fistula, 
namely, direct communication of the right 
lower pulmonary artery with the left atrium 
and absence of the middle and lower lobes of 
the right lung. 

It is important that pulmonary arteriove- 
nous fistulas be suspected clinically, since de- 
finitive diagnosis and therapy are now pos- 
sible. While the hemodynamic effects of this 
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type of lesion are usually not severe, un- 
treated patients suffer a high morbidity and 
mortality through systemic arterial oxygen 
desaturation, paradoxie embolization, cerebral 
abscess, and rupture of the fistula. 
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From the materialistic and the energetic standpoint alike, carbon, hydrogen, and 
oxygen, each by itself, and all taken together, possess unique and preeminent chemical 
fitness for the organic mechanism. They alone are best fitted to form it and to set it in 
motion; and their stable compounds, water and carbonic acid, which make up the change- 
less environment, protect and renew it, forever drawing fresh energy from the sunshine. 
—LAwrENCE J. HeNpERSON. The Fitness of the Environment. New York, The Mac- 


millan Co., 1924, p. 248. 
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SPECIAL ARTICLE 


Dietary Control of Serum Cholesterol in Clinical Practice 


By Norman Jouuirre, M.D.,t Eruen Masuansky, M.S., FLORENCE RUDENSEY, 
R.N., B.S., MartHa Simon, M.S., anp ALICE FAuLKNER, M.S. 


HE RELATION of lipids in the diet to 

blood lipids and their significance in the 
etiology of atherosclerosis is subject to con- 
siderable differences of opinion. The Central 
Committee for Medical and Community Pro- 
grams of the American Heart Association, 
through the Board of Directors, revised a 
recommendation made to them in 1957,! and 
now considers that ‘‘reduction or control of 
fat consumption under medical supervision 
with reasonable substitution of polyunsatu- 
rated for saturated fats is recommended as 
a possible means of preventing atherosclerosis 
and decreasing the risk of heart attacks and 
strokes.’’? The purpose of this article is to 
help implement the recommendation of the 
American Heart Association by providing 
the necessary practical dietetic information 
for the practicing physician and cardiologist 
in the dietary control of serum cholesterol 
and other lipid fractions in those instances 
in which they consider dietary control ‘‘in- 
dicated.”’ 

Diets for the control of hypercholesteremia 
have been conveniently divided into two major 
types: the ‘‘Prudent Diet Pattern’’ and the 
‘‘Therapeutic Vegetable Oil Diet Pattern.’’ 


Prudent Diet Pattern 

The ‘‘Prudent Diet’’ pattern was devised 
by the senior author in 1956 and used experi- 
mentally on a few subjects. It was put into 
effect on a larger scale in 1957 when the Diet 
and Coronary Heart Disease Study Project 
of the Department of Health, City of New 
: From the Bureau of Nutrition, Department of 
Health, New York, New York. 


+t Deceased. 
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York, was initiated.* The ‘‘Prudent Diet’’ is 
one recommended for use to the general public 
and furnishes the family an adequate, well- 
balanced diet pattern for all normal adults 
and, with modification of the milk allotment, 
for children after infancy.*:® This diet pat- 
tern is nutritionally adequate and meets the 
specific nutrient requirements of the Recom- 
mended Dietary Allowances of the Food and 
Nutrition Board of the National Research 
Council. It is palatable and consists of ac- 
ceptable American foods commonly available 
in every community. In addition, it is made 
up of foods listed in the normal diet pattern 
recommended by the U. S. Department of 
Agriculture in their Home Economics Re- 
search Report Number 3. In practice, we 
have found that this diet pattern furnishes 
approximately 30 per cent of its calories as 
fat, which for a caloric intake of about 2,300 
(the maintenance level for the average normal 
weight urban man in his 50’s) will supply 
about 75 Gm. of total fat. Of this total, about 
20 Gm. are saturated fatty acids, 25 Gm. 
monounsaturated, and 30 Gm. polyunsatu- 
rated, yielding a polyunsaturated fatty acid / 
saturated fatty acid ratio (the P/S ratio) of 
1.5. Theoretically, if our subjects followed 
our prescription rigidly, this ratio would be 
about 1.8 to 2.0. For a 1,800 calorie diet 
(the maintenance level for the average nor- 
mal weight urban woman in her 50’s) this 
diet will supply a total of about 60 Gm. of 
total fat, of which 16, 20, and 24 Gm. are 
saturated, monounsaturated, and polyunsat- 
urated, respectively. 

We have devised a prudent diet pattern 
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for two types of individuals, (a) the ‘‘Pru- 
dent Diet’’ for those of normal weight with- 
out a weight problem and whose normal 
appetite can be depended upon to regulate 
their total caloric intake; (b) the ‘‘ Prudent 
Reducing Diet’’ for overweight subjects who 
must be reduced and then maintained at the 
lower desirable weight. This diet requires that 
the quantity of food be prescribed in terms 
of common household measurements. At the 
end of weight reduction, it can be converted 
to the prudent diet by the addition of 45 
Gm. of vegetable oils and, if desired, 10 Gm. 
of a linoleate-rich margarine* as well as 
bread, fruit, cereals, and vegetables in 
amounts needed to add sufficient calories to 
maintain weight at the reduced desired level. 

The ‘‘Prudent Diet’’ pattern is practical 
in that it can be followed indefinitely by the 
majority of motivated subjects. It has been 
effective in lowering the serum cholesterol in 
the majority of our subjects: about 80 per 
cent of those with control levels in the upper 
tertile (270 mg. per cent and over), 60 per 
cent of those in the middle tertile (230 to 
269 mg. per cent), and 30 per cent of those 
in the lowest tertile (under 230 mg. per cent). 
It is thus effective in lowering the serum 
‘cholesterol in about 60 per cent of people 








*The senior author has proposed to the Food and 
Drug Administration that, in the interest of easy 
consumer identification, a margarine, shortening, or 
other product composed chiefly of fats and oils be 
allowed to carry on their label the term ‘‘linoleate- 
rich’’ or some other appropriate term provided that 
the product contains over 25 per cent of cis-cis 
linoleic acid (or its biologie equivalent) and a P/S 
ratio of at least 1.25. Margarines meeting these 
specifications generally available at the present time 
include (1) Emdee, made by Pitman-Moore Company, 
available in drug stores, at a recommended price of 
$1.00 per pound, (2) Mazola Margarine, made by 
Corn Products Company, available at grocery stores 
at a recommended price of 4le per pound, (3) 
Fleischman’s Sweet (Unsalted) Margarine (wrapped 
in a green label), made by Standard Brands, Ine., 
available in the frozen-food section of grocery stores, 
and selling at a recommended price of 49¢ per pound. 
These same companies may make other brands of 
margarines that do not meet these requirements and 
are not recommended for the prudent diet. 
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with serum cholesterol levels above 230 mg. 
per cent. The effectiveness of this composite 
lowering of all subjects is shown in figure 1, 
which represents the course of the serum 
cholesterol of 97 men of normal weight aged 
50 to 59 years during the control period and 
at the end of 6 months on the diet.*:*® There 
is a fall in cholesterol from the control level 
of 253 to 224 mg. per cent after 6 months 
(t = 5.16, significant beyond the 1-per cent 
level). The figure further demonstrates the 
fall in cholesterol by tertiles. In the highest 
third, 34 men dropped from 298 to 253 mg. 
per cent; in the middle third, 32 men dropped 
from 249 to 224 mg. per cent, while in the 
lowest third, 31 men dropped from 207 to 191 
mg. per cent after 6 months on the ‘‘ Prudent 
Diet.’’ The fall in each tertile is significant 
beyond the 1-per cent level. Those patients 
with positive diagnoses of coronary artery 
disease responded like those with no coronary 
artery disease but with similar control cho- 
lesterol levels. 

The number of subjects have now been 
extended to about 300 men’? and the period 
of observation has been extended up to 3 
years, with the serum cholesterol levels show- 
ing no tendency to rise with time with most 
subjects except when the subject, either de- 
liberately or carelessly, broke the diet. It is 
surprising how many subjects, after a fall 
in serum cholesterol as a result of the ‘‘Pru- 
dent Diet,’’ deliberately break the diet to see 
if a rise in cholesterol results. It does. 

The instructions for the ‘‘Prudent Diet 
Pattern’’ designed for people of normal 
weight without a weight control problem fol- 
low: 

1. Consume adequate amounts of high-grade 
protein foods at each meal. The sources for 
these include cottage cheese (preferably 
skim-milk cottage cheese), fat-free milk, 
chicken, turkey, veal, leaner cuts of beef, 
mutton, lamb, pork, fish, seafood, and egg 
whites. All visible fat should be removed from 
the meats and poultry. 

Remember, there are 21 meals each week. 
Therefore, from this list, include fresh or 
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canned fish or seafood in at least five meals 
each week. Lunch is a good time for this. 
Do not be limited to the leaner fish but in- 
clude fat fish as well, as they are good sources 
of polyunsaturated fatty acids. Bake, roast, 
broil, or boil meats and poultry. Fish, veal, 
and chicken may be fried in a vegetable oil 
rich in polyunsaturated fatty acids (corn, 
cottonseed, safflower, soybean, sunflower). Use 
veal or poultry in four meals each week or 
oftener. Use 3-0z. servings for women, 4-oz. 
servings for men, of beef, lamb, mutton, and 
pork—a combined total of not more than 12 
oz. for women and 16 oz. for men each week. 

For the other eight meals each week use cot- 
' tage cheese or egg whites, an occasional serv- 
ing of liver, or additional servings of fish, 
seafood, or poultry. Unless otherwise in- 
structed, you may use up to four whole eggs 
each week. You may also use whole milk for 
coffee but otherwise restrict the use of milk 
to non-fat varieties, such as fresh or recon- 
stituted skim milk, fat-free buttermilk, or 
evaporated skim milk. When instructed, you 
may emulsify a vegetable oil rich in poly- 
unsaturated fatty acids with your skim milk 
by use of a high-speed electric mixer.’ 

2. A total of 14% oz. (45 ml.) of vegetable 
oil rich in polyunsaturated fatty acids should 
be consumed daily. Most patients prefer to 
use about 1% oz. in food preparation and con- 
sume a minimum of 1 oz. of the oil at the 
table each day. This may be used in salad 
dressings and on vegetables, emulsified in 
milk, or added to cereals or soups. In addi- 
tion, you may use a 10-Gm. pat of a recom- 
mended margarine rich in liquid vegetable oil 
daily as a table spread. When a solid fat is 
preferred in cooking or baking, use a recom- 
mended margarine rich in liquid vegetable 
oil, preferably one with a P/S ratio of 1.5 
or higher. Never use the conventional par- 
tially hydrogenated types of margarines, 
cooking fats, or butter. Do not reuse and do 
not heat it to the smoking point. 

3. Do not eat the following: butter, cream, 
whole milk, and ice cream; conventional par- 
tially hydrogenated margarine, shortening, 
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WEEKS GH REDUCING DIET 
Figure 1 
Ninety-seven men of normal weight, 50 to 59 years 
old, on prudent diet to 6 months. Total and 
tertiles. 


and lard; foods containing these in large 
amounts, such as most cakes and pastries. In 
place of butter and ordinary or partially hy- 
drogenated margarine, use a recommended 
margarine rich in liquid vegetable oil; in 
place of shortening, use either a vegetable oil 
rich in polyunsaturated fatty acids or a ree- 
ommended margarine or shortening rich in 
liquid vegetable oil*; in place of cream use 
an emulsion of a vegetable oil rich in poly- 
unsaturated fatty acids. 

4. Balance the diet by consuming adequate 
amounts of vegetables, fruits, nuts, bread, 
and cereals. 

More than 4 years’ experience with more 
than 600 men and their wives shows the fol- 
lowing to be the most common difficulties en- 
countered by our subjects in adhering to the 
‘*Prudent Diet’’: 1. Giving up pastries with 
a high content of saturated fat, such as Dan- 
ish pastry, coffee cake, pound cake, ‘‘plain’’ 
cake, cookies, and pies. This prohibition is a 
real deprivation for many people and causes 
the most frequent difficulty. These products 
need not be prohibited for the person whose 
wife is willing to make them with vegetable 





*Solid shortenings rich in liquid vegetable oil are 
not, at this writing, available for use by the general 
public. 
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oil or a recommended margarine or shortening 
—one containing a P/S ratio of about 1.5 or 
higher. These shortenings, in the form of a 
liquid vegetable oil containing an emulsifier, 
are on the market and available to the com- 
mercial baker, and produce in many instances 
pastry products with eating qualities similar 
to those made with conventional solid short- 
enings. At this time, the Food and Drug 
Administration has not permitted industry 
clearly to identify these products for the con- 
sumer. 

If the government regulatory agencies 
would permit factual labeling of this improved 
type of product by the distributors, the com- 
mercial bakers, in cooperation with the man- 
ufacturers of shortening, could make this type 
of baked goods readily available and identi- 
fiable at the point of sale. This might be as 
valuable to the public health as the bakers’ 
contribution in cooperating with the bread- 
enrichment program. Recipes for the use of 
vegetable oils in cooking and baking have been 
developed by the major vegetable oil com- 
panies and may be obtained gratis from them. 
Since most modern housewives, however, do 


not or will not do their own pastry baking, 


persons following this diet are limited to an- 
gel food cake, sponge cake, Holland honey 
cake, almond macaroons, and the few other 
low-fat baked goods that are commercially 
available. 2. Limiting the size of portion and 
the frequency of serving of all flesh prod- 
ucts, especially beef, mutton, and pork, which 
contain the greatest amount of saturated fats. 
Many men in our affluent society have become 
accustomed to consuming 8-, 10-, and 12-ounce 
portions of these products. In a balanced diet, 
containing adequate calories, no normal per- 
son needs servings of animal flesh greater than 
3 or 4 ounces daily, especially when skim milk 
and cottage cheese are also included. 3. Pro- 
hibition of ice cream is a deprivation for many 
persons, although this ranks well below the 
first two complaints listed. Here, water ices 
and sherbets are the best substitutes in states 
prohibiting imitation ice cream. In those 
states where this product is legal, frozen des- 


serts imitating ice cream in appearance, taste, 
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and consistency can be made with liquid vege- 
table oils in place of butter fat. This latter 
product is permitted in the prudent diet of 
the persons without a weight problem. 4. Res- 
taurant meals may present difficulty for some 
people but this difficulty is more apparent 
than real. In restaurants where the food is 
prepared to order, no problem exists. In res- 
taurants and cafeterias, where the food is 
prepared on a large scale, the entree chosen 
should be fish, seafood, or poultry, which 
should be boiled, broiled, or baked. The des- 
sert should be limited to fruit. 5. Prohibition 
of hard cheeses of all varieties is a minor dif- 
ficulty for a few people. For those who must 
have hard cheese occasionally, one ounce may . 
be substituted for 2 ounces of the beef, mut- 
ton, or pork allowance. 6. The prohibition of . 
butter, cream, and whole milk has presented 
no difficulties. Butter is one of the easiest 
foods to replace in the dietary, since so many 
substitutes are available, e.g., the recom- 
mended margarines, mayonnaise, and cottage 
cheese spreads moistened with skim milk or 
skim milk filled with vegetable oil. For the 
occasional subject with a peptic ulcer, emul- 
sifying the vegetable oil in skim milk is satis- 
factory. 


The Prudent Reducing Diet (for Persons 
Who Are Overweight) 

People who are overweight due to excess fat 
or those who have been overweight and are 
attempting to maintain their lowered weight 
must, as a rule, be given diets in which the 
amount of food is detailed in standard por- 
tions. For these people, we have devised a 
‘*Prudent. Reducing Diet’’ and a ‘‘Prudent 
Maintenance Diet.’’ The ‘‘ Prudent Reducing 
Diet’’ is, in general, the ‘‘ Prudent Diet’’ pat- 
tern without the vegetable oils and recom- 
mended margarines permitted those persons 
without a weight problem. This gives a P/S 
ratio of about 0.75. 

To this basic pattern sufficient bread, ce- 
reals, fruit, and vegetables are added to make 
up the desired caloric level, usually about 
1,600 for men and 1,200 for women. When 
weight reduction is completed, the vegetable 
oil and recommended margarine allotments 
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are added and the amount of bread, cereals, 
fruits, and vegetables are adjusted so that the 
‘*Prudent Reducing Diet’’ is now converted 
to the ‘‘Prudent Maintenance Diet.’’ 

The effects of these reducing diet patterns 
on serum cholesterol levels have been de- 
seribed.® 1° Of a starting group of 211 men, 
50 to 59 years old, 111 (52.6 per cent) ad- 
hered so rigidly to the prescribed reducing 
diet as to achieve a Performance Index" of 
85 or better during the first 10 weeks of ob- 
servation. Their average control serum cho- 
lesterol dropped from 261 to 225 mg. per cent 
by the end of 6 weeks (fig. 2) and remained 
level thereafter (t = 6.78, highly significant). 
Of the 111 men, 97 reduced to desirable lev- 
els, 75 of these have been maintained on the 
‘*Prudent Maintenance Diet’’ for at least 6 
months, and 56 of these maintained for at 
least 1 year with the average serum cholesterol 
remaining level. 

Therefore, with respect to effect on serum 
cholesterol, strict adherence to the ‘‘ Prudent 
Reducing Diet’’ yields results similar to those 
obtained by the use of the ‘‘Prudent Diet’’ 
with normal weight men. Further, mainte- 
nance of weight after successful weight reduc- 
tion by use of the ‘‘Prudent Maintenance 
Diet’’ serves to maintain the lowered serum 
cholesterol level and prevents the rebound ex- 
perienced by the more usual type of reducing 
and maintenance diets.’ 

When the subjects are divided into tertiles, 
the results are similar to those obtained by use 
of the ‘‘Prudent Diet’’ among men of normal 
weight. In the highest third, the average of 
307 mg. per cent fell to 254 mg. per cent; 251 
mg. per cent in the middle third fell to 222 
mg. per cent; 207 mg. per cent in the lowest 
third fell to 198 mg. per cent. The lower limit 
reached by each tertile corresponds very 
closely to its counterpart in the men of normal 
weight. The major point of difference lies in 
the time necessary to achieve the low value— 
6 weeks on the reducing diet as compared to 
5 to 6 months on the prudent diet. 


Therapeutic Diet Pattern 
A ‘‘Therapeutic or Vegetable Oil Diet’’ 
pattern becomes important whenever the 
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Figure 2 
One-hundred eleven obese men, 50 to 59 years old, 


on prudent reducing diet to 10 weeks. Total and 
tertiles. 


‘*Prudent Diet’’ pattern fails to lower the 
serum cholesterol and other serum lipid frac- 
tions to desirable levels. 

It is advisable to start immediately on the 
‘‘Therapeutic Vegetable Oil Diet’’ pattern if 
the subject has essential hypercholesteremia 
or exhibits xanthelasma, xanthoma tendino- 
sum, or a serum cholesterol level above 400 
mg. per cent. 

The ‘‘Therapeutic Vegetable Oil Diet’’ pat- 
terns devised by Kinsell et al.,!* Brown and 
Page,!* and Ahrens et al.!* are all based upon 
the common principle of reducing to the bar- 
est minimum the amount of saturated fatty 
acids derived from ruminant animal flesh, 
dairy products, egg yolks, and all types of 
hydrogenated margarines and shortenings. In 
addition, 2 to 4 ounces (60 to 120 Gm.) of a 
vegetable oil rich in polyunsaturated fatty 
acids, such as corn, cottonseed, safflower, soy- 
bean, and sunflower, are added daily. Protein 
sourees are primarily non-fat milk, skim-milk 
cottage cheese, selected nuts, egg whites, fish, 
and seafood. The more liberal of these diets 
may contain small amounts of chicken or tur- 
key, while the ruminant animal meats are 
limited to such special occasions as Christmas 
and anniversaries. Unlike the ‘‘ Prudent Diet’’ 
pattern, these diets, in our opinion, are dras- 
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tic and should be used only under medical 
supervision. A polyvitamin capsule containing 
supplementary amounts of all the essential 
vitamins and iron should be routinely em- 
ployed, since the ‘‘Therapeutic Diet’’ pattern, 
like many other diets where more than 25 per 
cent of the calories are derived from one food, 
is likely to be low in an essential micronu- 
trient. 

Tables that list the fatty acid composition 
of common dietary fats in terms of saturated 
fatty acids, monounsaturated fatty acids, and 
polyunsaturated fatty acids per 100 Gm. have 
been published’ and are useful for physicians 
or clinies who wish to offer a wide menu range. 
It is usually preferred, in those subjects in 
whom a ‘‘Therapeutie Diet’’ pattern is indi- 
cated, to start with the high ratios and liber- 
alize to lower ones as clinical and laboratory 
progress occurs. 

Ordinarily, for different calorie levels, do 
not change the basic diet pattern, but make 
the changes only in the amounts of bread, 
cereals, vegetables, and fruits. To insure suf- 
ficient amounts of vegetable oil, it is even more 
important than in the ‘‘Prudent Diet’’ to 
incorporate the oil in cooking, in salad 
dressings, emulsified in skim milk, and added 
to vegetables and cereals.* 

In the high ratio diets, the use of walnuts 
is very important, as this food supplies large 
amounts of polyunsaturated fatty acids, chiefly 
linoleic, and provides a P/S ratio of 8.75. The 
limited supply of this food, however, has made 
us restrict its routine use to diets with P/S 
ratios of 2.5 to 3.0 or higher. For example, 
the daily inclusion of 2 ounces of walnuts in 
our 2.5 to 3.0 diet, with a cut of about 400 
ealories in bread, fruits, and vegetables is 
sufficient to raise the P/S ratio to about 3.0 
to 3.5. The measured amount of walnuts, when 
used, can be used at the table, combined in 
salads, or on protein dishes, or used as snacks. 


Menu plans for the ‘‘ Therapeutic Vegetable 


*Recipes using vegetable oils in cooking may be 
obtained from the New York City Department of 
Health. Most of these recipes may be found in 
Appendix D of the second edition of “Clinical Nu- 
trition.”™ 
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Oil Diet’’ pattern at 2.5 to 3.0 and 4.0 to 5.0 
P/S ratio, each at two calorie levels are avail- 
able in recipes given by the New York City 
Department of Health. 


Low-Fat Diets 

Low-fat diets are occasionally indicated 
rather than the ‘‘Prudent’’ or ‘‘ Therapeutic’’ 
patterns. The chief indication for the use of 
low-fat diets to control serum lipid levels are 
found among a few hyperglyceridemic-hyper- 
cholesteremic patients as defined by Brown 
and Page.!® These investigators report that 
two of nine such patients responded by an 
increase in serum triglyceride and cholesterol 
levels when placed on their vegetable oil diet 
pattern. The determination of serum trigly- 
cerides, however, is difficult and is not avail- 
able in most hospitals or clinical laboratories. 
We recommend, in the absence of such facili- 
ties, that this type of diet be used in the rela- 
tively rare instances when the ‘‘Prudent’’ or 
‘«Therapeutic’’ type of diet elevates the serum 
cholesterol. 

A qualitative low-fat diet that will meet 
most purposes can be adapted from the ‘‘Pru- 
dent Maintenance Diet’’ pattern by the 
simple omission of the vegetable oil and rec- 
ommended margarine and the isocalorie sub- 
stitution of fruits, vegetables, bread, and 
cereals. The low-fat diets so constructed will 
yield 10 to 12 per cent of total calories as fat. 
At the 2,300-calorie level, it will provide 20 
to 30 Gm. of fat and 15 Gm. at the 1,800- 
calorie level, each with a P/S ratio of about 
0.75. 

Another method is to use the low-fat menus 
provided by Keys and Keys.* 
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in all natural phenomena the principles from which we start, like the conelusions which 
we reach, embody only relative truths. The experimenter’s stumbling block, then, con- 
sists in thinking that he knows what he does not know, and in taking for absolute, truths 
that are only relative. Hence, the unique and fundamental rule of scientific investigation 
is reduced to doubt, as great philosophers, moreover, have already proclaimed.—CLaupDE 
BERNARD. An Introduction to the Study of Experimental Medicine. New York, The 


MaeMillan Company, 1927, p. 49. 











CLINICAL PROGRESS 


Clinical Interpretation of the One-Stage 
Prothrombin Time 


By Armanp J. Quick, PH.D., M.D. 


History 

IRTH of the idea of the one-stage pro- 

thrombin time test came with the speed 
of thought—its development, perfection, and 
full appraisal have not been entirely com- 
pleted in a quarter of a century.’ Its initial 
success is attributable to the fortuitious dis- 
covery of an active thromboplastic material. 
Rabbit lung was the first tissue tested and 
while it was found moderately satisfactory, 
it was soon replaced by rabbit brain. The lat- 
ter material could readily be made almost 
bloodless merely by mechanically removing 
the pia and the larger blood vessels. In the 
earlier studies, air-dried rabbit brain was 
used. It had, however, the disadvantages 0” 
not having a uniform potency and being dif- 
ficult to preserve. By a simple process of de- 
hydrating the rabbit brain with acetone, a 
product was obtained with a high and constant 
potency and a remarkable stability. A prep- 
aration made and sealed in vacuum in April 
1938 still gave 12 seconds on human plasma 
in a recent test as it had 22 years ago. Since 
this product gives very prolonged prothrom- 
bin times on plasmas from patients with 
severe hypoprothrombinemia? and with defi- 
ciencies of factors V,? VII,* and X* (Stuart- 
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Prower defect), it is clear that it is devoid 
of any of these factors. This reagent fulfills 
the necessary requirements, for as Koppel et 
al.® stated: ‘‘The ideal thromboplastin, then, 
for use in the control of anticoagulant therapy 
should have reasonable stability, uniform re- 
activity both from lot to lot and year to year, 
and be one which is free of any of the known 
factors influenced by anticoagulant drugs.”’ 


Modifications 

The test has met the requirements for the 
control of oral anticoagulant therapy and has 
served as a useful procedure in research. Yet, 
it has been repeatedly modified, and because 
of that, its wide adoption as a standard pro- 
cedure has been stymied. In order to learn 
why the method has been modified, it seems 
desirable to consider a few of the most com- 
mon procedures that differ in various aspects 
from the original method. 

One of the first modifications was that of 
Campbell, Smith, Roberts, and Link® in 1941. 
Their modification deviated very little from 
the original test except that they reverted to 
the use of air-dried rabbit brain, which had 
already been replaced by the acetone-dehy- 
drated product. The other changes were 
minor. Instead of adding thromboplastin and 
calcium separately, they combined them, and 
performed the test on plasma diluted 1 to 8 
with saline. Instead of increasing the sensi- 
tivity of the method, they actually decreased 
it because their thromboplastin is less potent, 
and at high dilution, the reduced concentra- 
tion of fibrinogen exerts a slowing effect on 
the prothrombin time. 
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The Shapiro modification’ likewise is not a 
true modification but actually is a reversion, 
because the most important detail of his 
method is the employment of desiccated rab- 
bit lung, which was the material used first in 
the development of the test. It was abandoned 
because of the difficulty of removing blood. 
It is now known that blood as an impurity 
contaminates the preparation with serum fac- 
tors, particularly VII. As a result of this, the 
test loses its sensitivity to factor VII. Since 
this is the factor that is mainly affected by 
Dicumarol, the modification is definitely less 
satisfactory than the unmodified procedure 
with acetone-dehydrated rabbit brain as the 
thromboplastin reagent. As a matter of fact, 
in many studies in which the Link-Shapiro 
modification is used, acetone-dehydrated rab- 
bit brain replaces the reagents advocated by 
these authors. The actual difference between 
the modification and the original test is in the 
dilution of the plasma with saline and in the 
determination of the clot by means of a wire 
loop. As already stated, dilution of plasma 
increases neither the sensitivity nor the accu- 
racy of the prothrombin time. As to timing 
the formation of the clot, the original technic 
of gently tilting the tube and watching for 
the incipient appearance of the fibrin web is 
exceedingly accurate and reproducible to a 
fraction of a second. If an operator can ob- 
tain exactly the same prothrombin time with 
the wire-loop technic as with the tilting pro- 
cedure, it is immaterial which way he chooses 
to time the clot. It is doubtful, however, 
whether any superimposed mechanical means 
to time clotting can improve on the accuracy 
of the visual tilting technic. 

The most unfortunate modification of the 
one-stage test was the substitution of Russell’s 
viper venom for rabbit brain.*!° This agent 
as a thromboplastin is insensitive to changes 
in factor VII and, therefore, fails to record 
accurately the reduction of prothrombin ac- 
tivity of coumarin and indanedione drugs, 
which depress mainly factor VII. Although 
in early studies with this agent, such as those 
of Prandoni and Wright," a surprisingly 
high percentage of hemorrhages occurred in 
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patients treated with Dicumarol, it was not 
until Wilson’ pointed out that Russell’s viper 
venom gave unreliable results that the reagent 
was gradually abandoned. 

Interestingly, the clotting time has been 
proposed to replace the prothrombin time! !* 
and surprisingly good results with it to con- 
trol anticoagulant therapy have been re- 
ported.!© This is difficult to explain because 
a depression of factor VII has no effect on 
the clotting time. Lempert!* has pointed out 
that the clotting time does not appear to give 
sufficient warning of dangerously low pro- 
thrombin times, and that it is likely that the 
prothrombin time carried out with Russell’s 
viper venom also often gives misleading re- 
sults that lead to overdosage of Dicumarol. 
Both vitamin K deficiency and Dicumarol de- 
press factor VII. This is not recorded by the 
clotting time but it nevertheless decreases 
hemostatic efficiency. The incidence of bleed- 
ing is lower than one would expect when tests 
insensitive to a low factor VII concentration 
are employed. This can be explained by the 
wide margin of safety in the prothrombin 
activity of man. As pointed out many years 
ago,17 the concentration can be reduced to 
about 20 per cent of normal before a serious 
hemorrhagic state develops. A distinction 
must be drawn between a potential bleeding 
tendency and actual bleeding. Thus, as has 
been shown dramatically, a rabbit with a pro- 
thrombin time prolonged to 25 seconds by 
Dicumarol does not bleed spontaneously but 
invariably dies from hemopericardium follow- 
ing a heart puncture.!* A patient may have 
an alarming depression of prothrombin activ- 
ity as measured by the unmodified one-stage 
test, yet may fail to bleed until a superim- 
posed factor such as trauma comes into play. 

The series of modifications of the one-stage 
prothrombin time developed by Owren deserve 
particular attention because of their wide 
clinical acceptance. In 1948 he!® described his 
first modification, which consisted merely in 
diluting plasma and mixing the diluted plas- 
ma with ox plasma adsorbed with asbestos. 
Brain thromboplastin and calcium were added 
to this mixture in a manner similar to the 
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original one-stage test. Claims for the need 
of the modification were that the original one- 
stage test showed no significant prolongation 
of the clotting time until the concentration of 
prothrombin drops below 50 per cent of nor- 
mal and that the concentration of factor V is 
a variable that must be made constant. Nei- 
ther of these two claims is well founded. In 
the hands of even a moderately skilled inves- 
tigator, a change in the prothrombin time of 
a half second can readily be determined. A 
decrease of 50 per cent activity increases the 
prothrombin time from the normal of 12 sec- 
onds to 15, which is a significant increment 
of 3 seconds. In the control of anticoagulant 
therapy, it is usually the aim to double the 
prothrombin time and the desired value of 
24 to 26 seconds can easily be timed. In regard 
to factor V, it is established that normal 
plasma contains an excess of this agent and 
that 50 per cent can be lost before the pro- 
thrombin time is effected. Furthermore, factor 
V is not reduced by Dicumarol ; therefore, no 
need actually exists to supply extra amounts 
from outside sources. 

Special caution must be exercised in accept- 
ing the results obtained with adsorbed plasma 
as a diluting plasma. It is to be remembered 
that Bordet and Delange*® originally consid- 
ered plasma treated with Cag(PO,4)». as essen- 
tially a solution of fibrinogen devoid of other 
clotting factors, which Nolf?! justifiably chal- 
lenged. In 1943 it?* was shown that the newly 
discovered clotting factor (labile factor) was 
not adsorbed by BaSO, or Cag(PO4)o. Later, 
it was found that another factor that appears 
to fix the prothrombin time in human plasma 
and that has been designated as the prothrom- 
bin time fixing agent (PTF A)**: 74 also is not 
removed by Cas(PO,4)o. The probability that 
additional factors that may perhaps be accel- 
erators or inhibitors remain in adsorbed 
plasma cannot be ignored. This further com- 
plicates the problem because bovine plasma 
differs distinctly from human plasma. Obvi- 
ously, the interpretation of the results ob- 
tained either with Owren’s first modification 
or with the second, namely, the P and P test,*° 
is difficult. It should be emphasized that a 
comparison of the original one-stage method 
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with these two tests, which are based on em- 
pirical dilutions employing nonhuman plasma, 
cannot be done successfully on a theoretical 
basis. Clinically, the two modified tests have 
apparently been superseded by a new pro- 
cedure, the thrombotest.*® 

This procedure is a one-stage test in which 
an all-in-one reagent is added to citrated 
plasma. This reagent is a mixture of a crude 
ether extract of either human brain or soya 
bean, adsorbed bovine plasma, ox or horse 
brain, and calcium chloride. The preparation 
of these materials and the proportion in which 
they are mixed is not given in sufficient detail 
to make it possible to carry out the prepara- 
tion one’s self. This necessitates dependence 
on a commercial source. A comparison of such 
a complex empirical method with the simple 
original one-stage test is beset with difficulties 
both theoretical and practical. When the 
thrombotest is compared clinically with the 
so-called Quick test, the precise directions of 
the originator’s procedure should be followed 
and not one of the numerous modifications. 


Interpretation of the One-Stage Test 

In fresh normal human plasma, the pro- 
thrombin time is fixed by the free or active 
prothrombin** which seems to be one of the 
most constant constituents of human blood. 
Contrary to the statement of Biggs and Doug- 
las** that the one-stage test is relatively in- 
sensitive to changes of prothrombin, the very 
opposite is true. Any change in the concen- 
tration of free prothrombin is readily detect- 
able and can be determined quantitatively. 
Factors V, VII, and X (Stuart-Prower), on 
the other hand, must be greatly reduced be- 
fore the change is detectable by the basic pro- 
thrombin time test. Thus, the concentration of 
factor V must be decreased over 50 per cent 
before the prothrombin time is prolonged.*® 
The normal value of 12 seconds furnishes no 
assurance that factors V, VII, or X are en- 
tirely normal in concentration but is proof 
that the free prothrombin is not reduced. A 
prolonged prothrombin time, on the contrary, 
indicates that any one or more of the factors 
that constitute the prothrombin complex may 
be low. The one that is reduced most becomes 
the determinant of the prothrombin time. 
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Prothrombin and the ancillary facters act 
independently of one another and a deficiency 
of one is not compensated by an excess of 
another. Thus, a low concentration of pro- 
thrombin or of factor VII is not influenced, 
as measured by the prothrombin time, by an 
excess of factor V no matter how great it 
might be (table 1). When more than one fac- 
tor is decreased, the effect is not additive. For 
instanee, in Dicumarol therapy both factor 
VII and prothrombin are decreased, but be- 
cause the first is reduced more quickly and 
to a much greater degree, the prothrombin 
time is actually determined by the conecentra- 
tion of factor VII (table 2) and could rightly 
be called the factor VII time. Since in other 
conditions, the prothrombin time may meas- 
ure another constituent of the complex, the 
best name for the basic test is prothrombin 
activity time, or merely prothrombin time, 
with the understanding that the term pro- 
thrombin in this instance refers to an activity 
and not to the specific compound. 


Adaptation of the One-Stage Test for the 
Determination of Specific Factors 


Factor V. To determine whether a _ pro- 
longed prothrombin time is due to a decrease 
of factor V, the oxalated plasma to be tested 
is mixed with an equal volume of fresh nor- 
mal oxalated human plasma adsorbed with 
Ca3(PO,4)o. If the prothrombin time of the 
mixture is normal, it can be concluded that 
the patient’s plasma lacks factor V. The cor- 
rection effected by the normal adsorbed plas- 
ma is brought about by a restoration of an 
adequate level of factor V. The exact concen- 
tration can be determined by the assay method 
recently outlined.?* 

Factor VII and Prothrombin. Aged serum 
from normal blood is devoid of factor V, very 
low in prothrombin, but rich in factor VII. 
By adding 1 volume of aged serum to 9 vol- 
umes of the plasma to be tested, the prothrom- 
bin time is completely normalized if the de- 
ficiency is due solely to factor VII but is not 
corrected if the defect is pure hypoprothrom- 
binemia, and is only partially rectified when 
both faetors VII and prothrombin are de- 
pleted, as occurs in Dicumarol therapy (table 
2). Factor X (Stuart-Prower) is not included 
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Table 1 


Effect of Excess Fuctor V on the Prothrombin 
Time in Hypoprothrombinemic States 


Prothrombin Time 





Volume Deficiency of 
of adsorbed Factor Factor 
rabbit plasma* Normal V VII Prothrombin 
ml. sec. sec. sec. sec. 
0 12 50 41 20 
0.01 12 12 40 20 
0.02 12 12 40 20 
0.05 11.5 11.5 20 








*As a source of factor V added to 0.1 ml. of plasma 
tested. 


in this discussion under factor VII. Too little 
is known about this agent to warrant attempt- 
ing a separate quantitative estimation. 

The One-Stage Test in the Control of Oral 

Anticoagulant Therapy 

It has been stated that ‘‘oral anticoagulant 
therapy is only as good as its laboratory con- 
trol.’’*** While this statement is quite true, 
the answer to what constitutes adequate lab- 
oratory control remains indefinite. Most work- 
ers agree that the one-stage prothrombin time 
is the sine qua non of laboratory control, but 
there seems to be no general agreement on 
how the test should be earried out. Modifica- 
tions of the test have been indiscriminately 
accepted, often for no other reason than that 
they were considered to be simplifications of 
a simple test. 

One of the most important requirements of 
the one-stage test is the use of a thromboplas- 
tin that is devoid of factor VII,?® because it 
is this agent that is affected most by Dicumarol 
and its allied drugs. As already stated, ace- 
tone-dehydrated rabbit brain fully meets this 
requirement. Preparations of thromboplastin 
contaminated with serum, which are almost 
unavoidable when tissues are employed from 
which blood is difficult to remove, are likely 
to contain traces of factor VII and are there- 
fore unsatisfactory. 

In the routine control of Dicumarol, nearly 
every modification of the one-stage method, 
even when grossly defective on theoretical 
grounds, has generally been reported to be 
fairly satisfactory. This can be accounted for 
only by the wide margin of safety in pro- 
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Table 2 
Determination of Prothrombin in Plasma by the One-Stage Method with Aged Normal 


Serum 





Prothrombin Time 


Plasma 

Normal 

Congenital hypoprothrombinemia 
Congenital factor VII deficiency 
From patients on Dicumarol therapy 
From patients on Dicumarol therapy 
From patients on Dicumarol therapy 


Corrected Calculated Calculated 


with prothrombin prothrombin 
Basic aged serum activity concentration 
sec. sec. % % 


12 11-12 
22 22 
12 





thrombin activity. Considering how badly the 
prothrombin time has occasionally been car- 
ried out, one must conclude that sometimes 
the test serves mainly to give moral support 
and, unfortunately, with the price of false 
security. 

Since the reagents for a satisfactory one- 
stage test are easily prepared or obtainable 
commercially and, since the procedure is ex- 
ceedingly simple, any laboratory should be 
able to obtain normal values of 12 seconds and 
a reproducibility within a half second. This 
will insure much greater safety. An accurate 
prothrombin time should be done on every 
patient prior to anticoagulant therapy. A de- 
viation as small as 1 second should not be 
ignored and an effort should be made to find 
the possible cause. It may be due to liver 
dysfunction, faulty nutrition, effect of various 
drugs, or it may have genetic significance. 
Many individuals who are heterozygotes to a 
coagulation defect in the prothrombin com- 
plex have a slightly prolonged prothrombin 
time. These will invariably be missed if a 
modification of the test is employed that per- 
mits a normal range of several seconds. 

To obtain an accurate prothrombin time, 
the test should be carried out within 2 hours 
after the blood is collected. In the usual hos- 
pital routine, this is generally done or can be 
arranged if the importance of promptness is 
recognized. When blood stands several hours, 
various changes slowly take place. One is a 
gradual loss of factor V. This can be mini- 
mized by keeping the blood cold, which is 
easily accomplished by putting the test tubes 


in a beaker filled with chipped ice. At room 
temperature, other changes occur that prolong 
the prothrombin time and these are irrever- 
sible. At 37 C. this deterioration is fairly 
rapid. 

When oxalated or citrated blood is exposed 
to glass surface, an activation results that 
has been interpreted as a conversion of inac- 
tive prothrombin to the active state. Because 
factor V is lost simultaneously, the activation 
is masked. In a silicone-coated container, 
activation is practically absent. Thus, after 
restoration of factor V, which can easily be 
done by adding deprothrombinized rabbit 
plasma, the prothrombin time of the plasma 
stored in glass for 24 hours or more becomes 
8 seconds whereas that in silicone becomes 12 
seconds, which is the original value of fresh 
plasma. 

On the basis of these observations, condi- 
tions can be devised for obtaining reliable 
prothrombin times on stored blood. The oxa- 
lated blood or plasma is transferred to a sili- 
cone-coated test tube, which is kept at 4 C. 
Before the prothrombin time is done, the lost 
factor V is replaced. The most suitable agent 
for this is deprothrombinized rabbit plasma. 
In practice, 0.01 ml. of the latter is mixed 
with 0.09 ml. of the plasma before the throm- 
boplastin and calcium are added (table 3). 

The loss of labile factor is much slower 
when 0.1M sodium citrate is used instead of 
0.1M sodium oxalate as the anticoagulant, 
and therefore the prothrombin time is less 
affected, as Neilson and Briggs*® have ob- 
served. The other less defined change that 
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occurs at room temperature and much more 
at 37 C. brings about an irreversibly pro- 
longed prothrombin time in both citrated and 
oxalated plasmas. This precludes sending 
specimens for prothrombin determinations by 
ordinary mail. 

For the ordinary routine, when the test is 
earried out promptly, the use of ordinary 
glass test tubes is satisfactory. When research 
accuracy is desirable, the blood should be kept 
in silicone-coated tubes, especially when the 
determination has to be delayed. In this way, 
activations such as Winterstein and Studer*! 
have again recently observed are obviated. 

Studies on oral anticoagulant therapy have 
followed a rather set pattern. The drug is 
given in such dosage that the prothrombin 
time is elevated until it reaches empirically 
fixed limits. In many studies, the aim is to 
increase the prothrombin time to twice nor- 
mal. In reports of the clinical results, which 
usually include untoward effects such as hem- 
orrhage, often little information is given on 
how the prothrombin time was performed. 
Not infrequently, one finds statements such as 
‘‘control of dosage, judged, as is usual, by 
the Quick one-stage prothrombin time.’ 
Yet, on inspecting the results, one finds that 
the test as carried out had little resemblance 
to the technic recommended by the author. 

The need for a standardized prothrombin 
time test is clearly recognized and eventually 
the goal will be achieved. Even now, with the 
various modifications of the method for con- 
trol, serious bleeding in long-term oral anti- 
coagulant therapy is fairly uncommon. Per- 
haps a thorough study of the relationship 
of the decrease of factor VII to that of 
prothrombin might furnish valuable informa- 
tion. By a simple additional step in the pro- 
thrombin time test, i.e., adding stored normal 
serum to the plasma, both the prothrombin 

and factor VII can be quantitatively esti- 
mated. The possibility is thus offered that 
such data could be used to reevaluate the 
therapeutic range to be attained to make 
therapy both safer and more effective. 

In long-term anticoagulant therapy when 
the prothrombin activity level is greatly de- 
pressed, an apparent decrease of factor IX 
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Table 3 


Prothrombin Time of Plasma from Normal Sub- 
jects and from Patients Receiving Dicumarol. 
Effect of Storage 








Prothrombin Time 
Stored for 24 hours at 4 C.* 





Corrected 
Fresh Uncorrected for factor V 
Plasma sec. sec. sec. 
Normal 12 15 12 
Normal 12 16 12 
Dicumarol 25 35 24 
Dicumarol 37 47 39 


Dicumarol 32 45 28 


*In silicone-coated tubes. ia 


(PTC) occurs. Since this agent is present in 
the blood in an inactive state, it is difficult to 
determine quantitatively. Faulty activation 
of factor [X can easily be mistaken for a true 
deficiency. Since it has been found by one of 
my associates that a depression of factor IX 
activity only appears when factors VII and 
prothrombin are markedly reduced, a quanti- 
tative determination of the latter two factors 
suffices for adequate clinical control of oral 
anticoagulant therapy. 


Conclusion 

In the original one-stage prothrombin time 
test, sodium oxalate is the anticoagulant and 
an extract of acetone-dehydrated rabbit brain 
is the thromboplastin reagent. <A clotting 
time of 12 seconds on normal adult human 
plasma is consistently obtained. 

On storage in glass, adult oxalated plasma 
loses factor V, which causes a prolonged 
prothrombin time. Simultaneously, an ac- 
tivation occurs that is masked, but on restora- 
tion of the lost factor V, a reduction of the 
prothrombin time to 8 seconds is observed. In 
a silicone-coated container the loss of factor 
V occurs but the activation is greatly delayed ; 
therefore, the prothrombin time is corrected 
to 12 seconds by excess factor V. 

A prolonged prothrombin time may occur 
from a deficiency of prothrombin, factors V, 
VII, and X (Stuart-Prower). The effect when 
more than one of these factors is reduced is 
not additive nor does an excess of one com- 
pensate for a decrease of another. 

Aged normal serum, which is rich in fac- 
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tors VII and X (Stuart-Prower), and de- 
prothrombinized (adsorbed) rabbit plasma, 
which has an exceptionally high concentra- 
tion of factor V, serve as valuable reagents 
that can be employed to make the basic pro- 
thrombin time a specific procedure for the 
quantitative determination of each major 
agent of the prothrombin complex. 

A few of the numerous modifications of the 
one-stage method are discussed. 
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RENAL AND ELECTROLYTE 
EFFECTS ON THE CIRCULATION 


Nairn, R. C., Chadwick, C. S., and Fraser, K. B.: 
Purification of Renin by Electrophoresis, Ad- 
sorption and Immunological Methods. Brit. J. 
Exper. Path. 41: 214 (June), 1960. 

Renin was initially purified from pig kidneys 
by the fractional method of Haas et al. as far 
as step 6; it was further purified by electro- 
phoresis in starch gel, kaolin adsorption and im- 
munologie precipitation of impurities by specific 
antisera. The antisera prepared in rabbits against 
homogenate of pig kidney cortex or in hens 
against step-6 renin, produced precipitins against 
pig kidney protein impurities. The antisera were 
used for immunologie analysis by gel diffusion. 
The purest renin sample was obtained by electro- 
phoresis; immunologically pure preparations were 
obtained by removal of the precipitinogens by 
the antisera; however, these preparations were 
less pure chemically due to contamination by 
the rabbit or hen serum proteins. The contami- 
nation was reduced by the kaolin adsorption 
method. The gel diffusion method provides a 
simple and economical method of testing the 
purity of renin preparations. 

KALMANSOHN 


RHEUMATIC FEVER 


Johnson, E. E., Stollerman, G. H., Grossman, B. 
J., and McCulloch, H.: Streptococcal Infections 
in Adolescents and Adults after Prolonged 
Freedom from Rheumatic Fever. I. Results of 
the First Three Years of the Study. New 
England J. Med. 263: 105 (July 21) 1960. 
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Two hundred and ninety-eight adolescents and 
adults with previous rheumatic fever, but who 
had been free of rheumatic fever for at least 
5 years, were observed in regard to the incidence 
and complications of streptococcal infections in 
the absence of antistreptococeal prophylaxis. In 
this group appropriate antibiotic therapy was 
instituted only when clinically apparent, sym- 
tomatie streptococcal infection developed. Rou- 
tinely two monthly throat cultures and serum 
streptococeal antibody determinations were em- 
ployed to detect asymptomatic infections. In the 
adolescents (ages 11 to 22 years) the rate of 
streptococcal infection was 23.2 per cent per 
patient year and in the adults (ages 23 to 70 
years) 12.8 per cent. Recurrences of rheumatic 
fever occurred in seven patients in the adolescent 
group—a rheumatic fever recurrence rate of 
1.8 per cent per patient year and 9 per cent 
subelinical streptococeal infection. No rheumatic 
fever recurrences were found in the adult pa- 
tients in this study. When these figures were 
contrasted with those of concomitant studies in 
children receiving prophylaxis (recurrence rates 
of 2.4 per cent per patient year and 17.5 per 
cent per subclinical infection), it is evident that 
there is a downward trend with age in the 
incidence of streptococcal infections and in the 
frequency with which these infections reactivate 
rheumatie fever. However, the authors empha- 
sized that these preliminary data should not 
be construed as a sound basis for modifying 
current recommendations concerning the duration 
for which antistreptococeal prophylaxis should 
be maintained in the rheumatic subject. 
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Soloff, L. A.: The Failing Rheumatic Heart 
Mechanisms and Present Day Therapy. Am. J. 
M. Se. 240: 1 (July), 1960. 

The author’s current approach to acute rheu- 
matie fever and its complications and his indica- 
tions for special investigations and surgical at- 
tack in chronic rheumatic heart disease are 
described in detail. The clinical course of the 
various valvular lesions is diseussed in detail 
and illustrative cases are outlined. It is em- 
phasized that the expectation of life in rheumatic 
valvular disease has increased over the past 30 
years beeause of improvement in prophylaxis 
and in drug therapy. In addition, emphasis is 
placed on the concept that congestive heart 
failure in subjects with rheumatic heart disease 
is a combination of myocardial, valvular, and 
pulmonary defects and associated illnesses. The 
ability of the surgeon is still inadequate to cope 
with combined valvular lesions of the aortic 
and mitral valves. For these reasons the author’s 
indications for valvular surgery at this time 
are based upon clinical disability, explained by 
hypertension attributable to distal valvular 
dysfunction. 

SHEPS 


Streitfeld, M. M., and Saslaw, M. S.: Beta 
Hemolytic Streptococci and Rheumatic Fever 
in Miami, Florida. II. Antistreptolysin O Titer 
Determinations between October 1954 and May 
1955. Dis. Chest 37: 211 (Feb.), 1960. 
Antistreptolysin-O (ASLO) titers of blood 

drawn from 333 children attending the first 
three grades of public schools in Miami, Florida, 
were determined in conjunction with studies of 
beta-hemolytic streptococci isolated from the 
throats of the same subjects. ASLO levels were 
lowest in the bloods of those children from 
whose throats no streptococci or only group B 
organisms were isolated; next higher with groups 
F and G; still higher with group C, and highest 
with group-A organisms. Serial ASLO titers 
showed a rise.in children from whose throats 
group-A beta-hemolytie streptococci were iso- 
lated. A similar but lesser rise was demonstrated 
in children with group-C throat cultures. Chil- 
dren without beta-hemolytic streptococci cultures 
showed a negligible rise. High-colony counts on 
original isolation plates were more likely to be 
associated with a two-tube or greater ASLO- 
titer elevation than were low-colony counts. 
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ROENTGENOLOGY 


Baker, H. L., Jr.: A New Approach to Percuta- 
neous Subclavian Angiography. Proc. Staff 
Meet., Mayo Clin. 35: 169 (Mar. 30), 1960. 


ABSTRACTS 


To prevent pneumothorax caused by other 
technics the authors describe their method of 
percutaneous subclavian angiography. A needle 
is directed through the skin in the supraclavicu- 
lar region toward, and finally into, the subclavian 
artery and, when this is accomplished, 10 ml. of a 
50 per cent solution of diatrizoate (Hypaque) 
is rapidly injected and several films are obtained. 
This series of films with a right-sided injection 
will show the condition of the innominate, 
carotid, subclavian, and vertebral arteries in the 
neck, and will show the condition of the latter 
two vessels with injection on the left. Lateral 
exposures are used to demonstrate the carotid 
bifurcation as well as the vertebral, basilar, and 
intracranial system of arteries. 

KRAUSE 


Bartley, O.: Electrokymographic Changes in My- 
ocardial Infarction. Acta radiol. 54: 81 (Aug.), 
1960. 
Thirty-six patients with myocardial infarction 

were studied with electrokymograms at periods 
of from several weeks to several years after the 
onset of symptoms. Completely paradoxical ven- 
tricular movements during systole indicative of 
ventricular aneurysm were observed in seven pa- 
tients. A partially paradoxical systolic movement 
was observed in 19 patients. Uncertain ventricu- 
lar changes were noted in eight patients, but 
no changes were noted in two patients. Eighty 
per cent of the patients showed evidence of 
obstructed flow from the left atrium. The com- 
pletely paradoxical ventricular curves during 
systole were thought to be due to a severely 
damaged muscular wall. The less marked para- 
doxical movement during the initial ejection 
phase was the most commonly observed abnor- 
mality but was not considered pathognomonic 
of myocardial infarction. The changes in the 
atrial curves were thought to be due to an 
intra-atrial conduction disturbance with dilata- 
tion and hypertrophy or atrial infarction. 


KALMANSOHN 


Begg, A. C.: Some Radiological Aspects of 
Ischemia of the Brain. Brit. J. Radiol. 33: 
311 (May), 1960. 

When an obstructive lesion affects the arteries 
supplying the brain proximal to the eirele of 
Willis, the clinical diagnosis becomes more diffi- 
cult as the area of brain involved is more 
diffuse. The more proximal the arterial obstrue- 
tion, the milder and more vague are the symp- 
toms. Recently, effective medical and surgical 
treatment has made the diagnosis and localization 
of these lesions important. Most of the radiologic 
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information is obtained by arteriography. The 
left vertebral system is best visualized by cathe- 
terizing the subclavian artery through the bra- 
chial artery. Injection is made against the blood 
stream increasing the concentration of contrast 
material and avoiding trauma to the vertebral 
artery itself. On the right side, injection after 
catheterization of the brachial artery with the 
tip of the catheter in the subclavian artery (or 
in the innominate artery if simultaneous carotid 
arteriogram is desired) will produce good pic- 
tures. The carotid system can be visualized by 
percutaneous arteriography. However, trauma to 
the vessels is a hazard, and the proximal por- 
tions of the artery may not be visualized. Cath- 
eterization of the innominate artery via the 
right brachial artery and of the left common 
carotid by way of either femoral artery is pre- 
ferable. This is so because there is less trauma 
to the vessels supplying the brain, and less 
concentration of contrast material in the brain. 
Also, evaluation of the part played by each 
vessel is possible, the examination is more com- 
fortable for the patient, and better radiation 
protection is possible for the staff. Cases are 
presented where no accurate estimate of the situ- 
ation was possible without arteriography of the 
components feeding into the circle of Willis. 
This could be readily and safely demonstrated 
by the methods described and the information 
determined the type of treatment needed. 


KitTCcHELL 


Bjork, V. O., and Lodin, H.: The Evaluation of 
Mitral Stenosis with Selective Left Ventricu- 
lar Angiocardiography. J. Thoracic Surg. 40: 
17 (July), 1960. 

The authors have employed left ventricular 
angiocardiography for the evaluation of the 
stenotie component in mitral valvular disease. 
In this particular report, they employed a method 
with the patient in the supine position in which 
a needle was introduced through the apex beat 
and directed toward the right second costo- 
chondral junction under local anesthesia. They 
demonstrated a characteristic dome formation 
in patients with mitral stenosis. This particular 
formation is due to the fused mitral valves 
forming a dome during diastole. This dome 
bulges into the left ventricle, making a sharply 
outlined filling defect in this chamber. It can 
be seen in both the frontal and lateral pro- 
jections. Mitral stenosis was found at operation 
in all 20 patients in whom a dome had been 
found preoperatively in the left ventricular 
angiocardiogram. The stenosis was severe in all 
but one patient in whom it was very mild, ad- 
mitting 114 fingers. No dome formation was 


Circulation, Volume XXIV, December 1961 


1431 


found in patients in whom there was no mitral 
stenosis. Occasionally a false dome formation 
was observed in the lateral projection. In these 
patients, the atrial wall simulated a dome caused 
by fused mitral valves but this could not be 
observed in the anteroposterior projection. Fur- 
thermore, this false dome in the lateral projec- 
tion persisted during systole, which, of course, 
did not occur with a true mitral stenosis. Usually 
this dome defect appeared rounded but owing to 
the relation between an eccentric orifice and the 
projection used the defect appeared more slit- 
like and the border of the anterior leaflet was 
sometimes seen below that of the posterior leaf- 
let. The absence of a dome in the anterior pro- 
jection in patients with an enlarged left ventricle 
cannot exclude the presence of mitral stenosis, 
sinee excessive contrast media in the left ven- 
tricle will mask the dome. 
LEVINSON 


Bolt, W., and Rink, H.: The Terminal Pulmo- 
nary Blood Vessels in Normal and Pathologic 
Angiograms. Fortschr. Rontgenstr. 93: 21 
(July), 1960. 

From examination of numerous selective pul- 
monary angiograms it was concluded that the 
lobular artery is an end artery and shows no 
anastomoses, while the lobular veins show nu- 
merous anastomoses with neighboring lobular 
veins. Anastomoses between pulmonary and 
bronchial arteries could not be demonstrated in 
normal lobuli but might appear in parenchymal 
sclerosis. Arteriovenous anastomoses could not 
be found under any cireumstances. The control 
mechanism for the circulating blood volume 
seemed to be situated primarily in the capillary 
portion of the pulmonary circulation, but in 
pathologie cases it became displaced toward the 
arterial limb because of reduction of the capil- 
lary bed. Parenchymal atrophy caused an in- 
crease in the lobular volume, rarefaction of the 
vascular net, and stenosis of the arterial limb. 
Parenchymal sclerosis led to decrease of lobular 
volume, stenosis of the capillary and _ post- 
capillary limbs, and formation of arterio-arterial 
anastomoses. Localized lobar destruction of par- 
enchyma at first decreased the number of blood 
vessels and then caused the formation of blind 
ends of the lobular arteries, while the venous 
limb could no longer be demonstrated. 


LEPESCHKIN 


Di Guglielmo, L., Baldrighi, V., Montemartini, 
C., and Schifino A.: Roentgen Investigation of 
the Coronary Veins in the Dog. Acta radiol. 
53; 191 (Mar.) 1960. 
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Thoracic aortographies were performed in 73 
living dogs. When correctly performed, there was 
satisfactory filling of the coronary arteries in 
all examinations. In 37 of 223 aortographies, 
films were obtained which identified the coro- 
nary venous circulation. The contrast filling of 
the veins was thought to be related to the degree 
of filling of the coronary arteries, as evidenced 
by the fact that the phlebographie stage was 
constantly reached when a high concentration 
of contrast medium had been obtained in the 
coronary arteries. However, good demonstration 
of the coronary arteries was not always accom- 
panied by the appearance of the venous elements. 
After the intravenous administration of epi- 
nephrine-type substances, contrast filling of the 
coronary veins was more frequent and more 
dense. 

KALMANSOHN 


Dotter, C. T.: Left Ventricular and Systemic 
Arterial Catheterization: A Simple Percuta- 
neous Method Using a Spring Guide. Am. J. 
Roentgenol. 83: 969 (June), 1960. 
Pereutaneous, spring-guided catheterization of 

the left ventricle, the aorta, and systemic ar- 

teries is a reasonably safe, simple, and effective 
procedure for obtaining detailed anatomic and 
physiologic information. It is easily carried out 
on unanesthetized outpatients. A detailed de- 
seription of this method is given. The percuta- 
neous retrograde femoral-aortic approach is use- 
ful not only in diagnostic visualization but also 
as a means for obtaining hemodynamic data and 
a route for selective drug administration. 


KITCHELL 


Gebhardt, W., Danner, D., Reindell, H., and 
Konig, K.: Report of a Study Comparing Two 
Roentgenographic Methods of Determining 
Heart Volume. Acta med. seandinav. 167: 467, 
1960. 

In a series of paraffin heart models the tom- 
ographic method described by Gebhardt was 
shown to be the most accurate one. It was there- 
fore applied in 25 eardiae patients and 25 normal 
healthy persons to evaluate the degree of exact- 
ness of the Rohrer-Kahlstorf technic, modifica- 
tions of which are the most commonly used 
roentgenologic methods for determination of the 
heart volume. Deviation of values obtained by 
this technic from actual heart volume was found 
to be slightly higher than in the Gebhardt method 
and in the majority of subjects the Rohrer- 
Kahlstorf method of measurement furnished 
values that were somewhat lower. 

SHEPS 
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Greenspan, R. H., Bernstein, E. F., and Loken, 
M. K.: Intravenous Aortography: Technique 
and Clinical Aspects. Am. J. Roentgenol. 83: 
1034 (June), 1960. 

A safe and simple technie for performing 
aortography by means of the venous route is 
presented. It avoids the complications of trans- 
lumbar aortography secondary to direct puncture 
of the aorta. In 204 aortograms made on 184 
patients, there was no death or serious complica- 
tion, and diagnostic information was obtained 
in.over 90 per cent of the cases. After inserting 
a polyethylene catheter under local anesthesia 
into the median antecubital vein and properly 
positioning it, circulation time is accurately 
determined by injection of I'*!-labelled reno- 
erafin. The timing of the cireulation to the aorta 
is accurately determined by means of a colli- 
mated scintillation counter connected through a 
rate meter to an Esterline Angus recorder. Using 
this information, a solution of diatiizoate is 
injected into the catheter as rapidly as possible 
(by means of an Elema-Schonander hand in- 
jector). Following a pause, equal to the arm 
vein to aorta circulation time as determined 
previously, roentgenograms are obtained in one 
or two planes (the authors in most eases used 
the Schonander biplane apparatus taking roent- 
genograms at 1 per second for approximately 8 
seconds). Although delineation of the smaller 
vessels is not as detailed here as in direct aor- 
tography, the major arteries are well visualized 
and changes in caliber of flow can be clearly 
seen, 

KITCHELL 


Haimovici, H., Shapiro, J. H., and Jacobson, 
H. G.: Serial Femoral Arteriography in Oc- 
clusive Disease; Clinical-Roentgenologic Con- 
siderations with a New Classification of Occlu- 
sive Patterns. Am. J. Roentgenol. 83: 1042 
(June), 1960. 

Since the advent of arterial grafting for oc- 
clusive arterial disease femoral arteriography 
has acquired increased importance. Determina- 
tion of the site and extent of segmental ocelusion, 
the state of the distal arterial tree, and the de- 
gree of collateral circulation can be best obtained 
by serialographie studies. The authors report 
102 consecutive femoral arteriograms on 91 pa- 
tients. They deseribed full-length multifilm visu- 
alization secured by an automatic long-segment 
serialograph. This machine contains six 14 by 
36-inch cassettes that can be serially exposed at 
predetermined intervals as selected on an in- 
terval-timer control box. Occlusive disease in 
the femoral popliteal system is classified into 
nine arteriographic patterns. Importance of the 
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“run-off” in the selection of patients for arterial 
grafting is emphasized and a classification of 
collaterals into three groups according to ocelu- 
sion patterns of the femoral-popliteal segment 
is given. Prognostic considerations based on ar- 
teriographic patterns and degree of collaterals 
are arrived at by correlating them with clinical 
findings. In most instances a good correlation 
existed between the clinical and the angiographic 
findings, attesting to the reliability of serial 
arteriography. 
KItTCcHELL 


Holesh, S.: Dissecting Aneurysm of the Aorta. 

Brit. J. Radiol. 33: 302 (May), 1960. 

Until recently, dissecting aneurysm of the 
aorta was regarded as fatal and the occasional 
recovery found in the autopsy room was con- 
sidered a medical curiosity. An increasing num- 
ber of acute dissections is being treated surgi- 
cally, and immediate diagnosis improves the poor 
prognosis. Operation should be performed within 
48 hours and copies nature’s method of healing 
by establishing re-entry of the dissected passage 
distally into the aorta. Reconstruction operation 
with graft can be performed but depends on the 
extent and location of the lesion. The radio- 
logie findings are determined by the stage in 
which the examination is made. Shortly after 
the acute phase the superior mediastinum is 
widened and the heart is considerably enlarged. 
The mediastinal widening is probably due to 
dilatation of the aorta and extravasation of 
blood into the mediastinum. The cardiac enlarge- 
ment may be due to rupture into the pericardium 
or acute cardiac, dilatation. The patient’s poor 
condition precludes tilting maneuvers so that it 
is difficult to tell whether increased cardiac size 
is the result of dilatation or hemopericardium. 
Left hemothorax often obseures the heart border. 
Where recovery takes place, the aortic knuckle 
becomes more clearly defined roentgenologically 
and may return to normal size, usually however 
at a higher level than before. Often the aorta 
remains widened and a double aortic knuckle is 
visible. The normal width of the aortie wall is 
2 to 3 mm. and dissection is suggestive if the 
thickness of the wall approaches 1 em. If it is 
1 em. or more, there is little doubt about the 
diagnosis. With a slow leak before acute dis- 
section occurs, the obvious diagnostic sign is 
marked difference in caliber of the aorta before 
and after rupture. In chronic cases the radio- 
logic appearances depend on the location and 
extent of the previous dissection. When previous 
pictures are available showing calcification in 
the knuckle, such calcification is an easy base- 
line from which to measure thickness of the 
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artery wall. Often the dissection stops just above 
the hiatus and a posteroanterior film showing 
a sudden alteration in caliber at this point may 
be diagnostic. Angiocardiography is of great 
value in doubtful cases. The total number of 
angiograms and aortograms performed in cases 
of dissection is small but these will inerease, 
since it has been established that diagnosis may 
be lifesaving with present surgical technics. 


KITCHELL 


Jorgens, J., Blan, N., and Wilcox, W. A.: The 
Cinefiuorographic Detection and Recording of 
Calcifications Within the Heart: Results of 
803 Examinations. Radiol. 74: 550 (Apr.), 1960. 
Many different methods have been employed 

for demonstrating intracardiac calcifications in- 

cluding roentgenography, roentgenkymography, 
and planography. Each of these has limitations. 

Over a 2-year period, 803 cinefluorographiec ex- 

aminations of the heart were performed at 

Veterans Administration Hospital in Minneapolis. 

The technic of the examination consisting of 

six film sequences of the heart and great vessels 

is described. On the basis of these studies, the 
authors consider cinefluorography the method of 
choice for detecting and recording calcifications 
within the heart. 

KITCHELL 


Keats, T. E., Lodwick, G. S., and Koenig, G. F.: 
Some Aspects of Cine- and High Speed Serial 
Angiographic Techniques. Am. J. Roentgenol. 
83: 1067 (June), 1960. 

The availability of technics for cine roentgen- 
ographie and high-speed serialographie technics 
of roentgenologiec examination, in the Department 
of Radiology of the University of Missouri, per- 
mitted the clarification of some of the problems 
relating to these two modalities. Three broad 
aspects of the problem (dosimetry, relative diag- 
nostie effectiveness, and evaluation of the rela- 
tive roentgen opacities of various concentrations 
of contrast media) were studied. There was 
little difference in the radiation dose to the skin 
with either method, although more skin was ir- 
radiated with serial angiocardiography. Simple 
protection measures will guard attendant per- 
sonnel. In lesions where the dynamics of flow 
were important, cineangiocardiography possessed 
advantages. Tests indicated that the radiopacities 
of 50 per cent and 85 per cent Hypaque were 
quite similar and the advantages of additional 
opacity were offset to a great extent by the 
disadvantage of the inherent increased viscosity 
and toxicity. 

KITCHELL 
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Kincaid, O. W.: X-ray Diagnosis of Congenital 
Heart Disease. J. A. M. A. 173: 648 (June 11), 
1960. 

In about 75 per cent of patients with congenital 
heart disease, the type of malformation can be 
accurately determined and operability predicated 
by correlation of the history, physical examina- 
tion, electrocardiographice findings, and conven- 
tional roentgenographie and fluoroscopic findings. 
Special methods such as cardiac catheterizations 
and angiocardiography must be utilized in the 
remaining 25 per cent. Congenital anomalies can 
be broken down into four groups (based on the 
changes in the lesser circulation) and further 
subdivisions of these groups (based on certain 
other differentiating features) can be made and 
prove to be a great practical value in diagnosis. 
Although in most instances the x-ray findings 
alone are not unequivocally diagnostic of a spe- 
cific cardiac anomaly, by use of the suggested 
approach and by correlation with the clinical 
findings in a given patient an accurate diagnosis 
ean often be established. In many instances 
specialized procedures, including cardiac cathe- 
terization, angiocardiography, and thoracic aor- 
tography, must be used for precise diagnosis. 


KITCHELL 


Kincaid, O. W., Brandenburg, R. O., and Bernatz, 
P. E.: Angiography as a Guide to Mediastinal 
Exploration. J. A. M. A. 173: 613 (June 11), 
1960. 

Angiocardiography and thoracic aortography 
have been carried out at the Mayo Clinic on 200 
patients having a variety of mediastinal lesions. 
These procedures were often the only accurate 
means of distinguishing vascular from nonvascu- 
lar lesions without exploration. The results of 
the studies may determine the exact nature, 
extent, and probable resectability of lesions of 
the mediastinum. In contrast, fluoroscopy and 
other diagnostic technics were inaccurate in dis- 
tinguishing vascular from certain nonvascular 
lesions. Twelve case histories are given to illus- 
trate the value of information obtained by 
angiography. These showed the possibility of 
avoiding unnecessary and possibly hazardous 
mediastinal exploration in some patients; and in 
other cases indicated the necessity of surgical 
exploration. No fatalities and no serious reac- 
tions were encountered in the entire group of 
patients with either angiocardiography or thoracic 
aortography. 

KITCHELL 


Klatte, E. C., Campbell, J. A., and Lurie, P. R.: 
Aortic Configuration in Congenital Heart Dis- 
ease. Radiology 74: 555 (Apr.), 1960. 


ABSTRACTS 


In well over 600 angiocardiograms at Indiana 
University Medical Center over the past 12 
years, the aortic configuration was found to be the 
key to the recognition and differentiation of many 
primary types of congenital and acquired cardiac 
lesions. By use of selective cinecardioangiography 
in the past 3 years, the importance of aortic size 
in differential diagnosis has been even more 
impressive. In an evaluation of the usefulness 
of the size, shape, and specific aortic contours 
for diagnosis of congenital heart disease, a re- 
view of the plain films of 610 cases of 12 com- 
monly encountered lesions was carried out. The 
conclusions drawn were as follows: 1. The aorta 
is enlarged in patent ductus arteriosus, tetralogy 
of Fallot, tricuspid atresia without transposition, 
truncus arteriosus type IV, aortic stenosis, and 
coarctation. 2. The aorta is decreased in size in 
atrial septal defects, ventricular septal defects, 
anomalous pulmonary venous return, truncus 
arteriosus type I, II, and III, pulmonary stenosis, 
tricuspid atresia with transposition, transposition 
of the great vessels, and fibroelastosis. 3. In 
coarctation, patent ductus arteriosus, and aortic 
stenosis, the aortic configuration may be suffi- 
ciently characteristic to permit roentgen identi- 
fication. 4. The aortic size and profile may differ- 
entiate patent ductus arteriosus from other 
left-to-right shunts. 5. The large aorta of tetral- 
ogy of Fallot distinguishes this condition from 
pulmonary stenosis with right-to-left interatrial 
shunt. 6. The large aorta is a useful sign in 
differentiating tricuspid atresia from tricuspid 
atresia with associated transposition of the great 
vessels. 7. Specific aortic contour is as reliable 
a diagnostic sign of coarctation of the aorta as 
is rib notching. This is of value because one 
sign may be present when the other is absent. 


KITCHELL 


Ormond, R. S., and Poznanski, A. K.: Pulmonary 
Veins in Rheumatic Heart Disease. Radiology 
74: 542 (Apr.), 1960. 

The posteroanterior films of 172 patients, who 
had undergone cardiac catheterization, were ex- 
amined for the appearance of the pulmonary 
venous vasculature. All had valvular heart dis- 
ease and the findings were not entirely in agree- 
ment with those of previous investigators. It 
was noted that pulmonary vein size was related 
to pressures within the left atrium, and an ac- 
curate estimate of the left atrial pressure could 
be obtained from plain posteroanterior films of 
the chest. The upper lobe veins were a more 
reliable index to elevated pressure than the lower 
lobe veins. However, both should be considered 
as well as the presence of Kerley’s B lines, fluid, 
and distinctness of the veins. No appreciable 
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difference in appearance among valvular lesions 
producing an elevated pressure was observed. 


KitTcHELL 


Schmitt, W., and Braun, H.: Kymographic Phase 
Analysis Studies and Heart Volume Deter- 
minations in Normotensive and Hypertensive 
Persons before and after Acute Decrease of 
Blood Pressure. Ztschr. Kreislaufforsch. 49: 
593 (July), 1960. 

In 13 hypertensive and four normotensive per- 
sons 50 to 75 mg. of Penthonium caused decrease 
of venous pressure, increased circulation time, 
decrease of heart output (method of Broemser 
and Ranke) and decrease of heart size (deter- 
mined by means of simultaneous roentgen tomog- 
raphy in 3 to 7 planes). The amplitude of 
contraction, determined by synchronous electro- 
kymography of seven points, also decreased. In 
four of six patients with pathologic kymographic 
curves these became normal; this is attributed 
to decrease of an abnormally elevated residual 
ventricular blood volume. 

LEPESCHKIN 


S’jongers, J., and Enderle, J.: Detection of 
Anomalies of the Heart and the Intrathoracic 
Great Vessels in Natives of Ruanda. Acta 
eardiol. 15: 140, 1960. 

In the examination of 5,307 unselected chest 
microfilms of Negroes living in Ruanda (Central 
Africa), 4.45 per cent revealed pathologic anoma- 
lies of the heart and great vessels and 2.82 per 
cent were suggestive of abnormalities. A com- 
parable investigation in the white Belgian popu- 
lation, living in Europe, revealed 13.53 per cent 
pathologie anomalies and 1.22 per cent suggestive 
abnormalities. Arteriosclerosis, chronic pulmonary 
heart disease, aneurysm of the aorta, and ecalci- 
fications of the pericardium were more common 
in the white population. The Negroes showed 
often a globular-shaped heart. The frequency of 
chronic rheumatic heart disease and of congenital 
heart disease was the same in Belgium and in 
Ruanda. 

BRACHFELD 


Steinberg, I.: Localization of Bullets and Me- 
tallic Fragments in the Cardiovascular System: 
Role of Angiocardiography in 7 Cases. Am. 
J. Roentgenol. 83: 998 (June), 1960. 

Seven patients with metallic bodies in the 
cardiovascular system were studied angiocardi- 
ographically. Two of these patients had successful 
removal of bullets; one from the right ventricle, 
and the other from the right atrial appendage. 
Four patients were asymptomatic and were not 
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subjected to surgery. The remaining patient, who 
had suffered a right hemiplegia and interventricu- 
lar block after injury, had recurrent cerebrovas- 
cular seizures and, due to this, it was thought 
that the removal of a 38-caliber bullet from the 
posterior wall of the left ventricle would be too 
hazardous. This method of study will often in- 
dicate whether or not metallic fragments should 
be removed from the cardiovascular system. In 
other cases reassuring the patient of the un- 
importance of the fragments (which may not be 
causing trouble) will relieve the symptoms of 
a cardiac neurosis. 
KITCHELL 


Wang, C. C., and Reeves, J. D.: Mesenteric 
Vascular Disease. Am. J. Roentgenol. 83: 895 
(May), 1960. 

The mesenteric arteries are subject to the 
same atheromatous, thrombotic, and embolic 
phenomena associated with the coronary and 
cerebral vessels. It has been said that mesenteric 
artery abnormalities exhibit roentgenographically 
a specific pattern. Although this belief is far 
from conclusive, there are certain roentgen- 
ographic manifestations encountered in mesen- 
teric vascular occlusion that have not been 
adequately stressed. The present paper demon- 
strates and discusses some of these patterns 
observed in the past 10 years at the Massachusetts 
General Hospital. The clinical history is essential 
for interpretation of the roentgenographie find- 
ings, and in the presence of the following findings 
mesenteric vascular occlusion should be sus- 
pected: 1. Acute abdominal pain, vomiting, and 
shock in a patient presenting etiologic factors 
such as generalized atherosclerosis, atrial fibril- 
lation, myocardial infarction, liver disease, blood 
dyserasia, and antecedent aortic or abdominal 
surgery. Roentgenograms may show nonspecific 
ileus, signs of fixation of bowel loops with edema 
of intestinal walls and increase in intraperitoneal 
fluid. With contrast studies performed early, 
marked swelling of the mucosal folds with thick- 
ened bowel wall and occasionally an intraluminal 
pseudotumor formation may be noted. 2. In sub- 
acute and chronic cases abdominal pains may be 
anginal in nature and roentgenograms may be 
negative. Here contrast substances may outline 
narrowing of the bowel lumen simulating regional 
ileitis or ulcerative colitis, with or without evi- 
dence of malabsorption syndrome. Aortography 
may or may not demonstrate diminution of the 
mesenteric vascular flow. In our present state 
of knowledge, visualization of apparently patent 
mesenteric arteries does not exclude the diag- 
nosis. If the mesenteric artery is well visualized, 
consideration should be given to the possibility 
of mesenteric venous thrombosis. The diagnosis 
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of mesenteric vascular disease is important be- 
cause bowel and vascular surgery may offer the 
possibility of altering a grave prognosis. 


KITCHELL 


SURGERY AND CARDIOVASCULAR 
DISEASE 


Bjork, V. O.: An Effective Blood Heat Exchanger 
for Deep Hypothermia in Association with 
Extracorporeal Circulation but Excluding the 
Oxygenator. J. Thoracic Surg. 40: 237 (Aug.), 
1960. 

The author describes a heat exchanger for 
deep hypothermia and enumerates the advantages 
of deep hypothermia with extracorporeal circu- 
lation without an oxygenator. These include: 
(1) less blood trauma and less hemolysis, (2) 
better oxygenation in the patient’s lungs, (3) 
better protection for the myocardium than dur- 
ing other types of circulatory arrest, (4) easier 
operation, and (5) better blood volume control. 
In addition, cardiac arrest or complete circula- 
tory arrest may be made at low temperature for 
longer intervals than with other methods. After 
17 clinical eases, conclusions are that the ordinary 
pump-oxygenator (with the spinning disk oxy- 
genator) is preferred at normal temperature in 
most eases, but combined with deep hypothermia 
in aortic valvular disease. Deep hypothermia is 
considered contraindicated in children because 
of the risk of brain damage, caused possibly by 
the aggregated thrombocytes and white blood 
corpuscles, which disappear from the circulation 
at a low temperature, returning to the cireula- 
tion during rewarming, and occluding certain 
areas of the brain. In children, the myocardium 
is protected by local hypothermia. The heart 
may be surrounded with plastic bags of ice, after 
acetylcholine arrest, or isolated coronary perfu- 
sion with cold blood may be used. 


MAXWELL 


Blondeau, M., and Lenégre, J.: Conduction Dis- 
turbances Following Intracardiac Surgery. 
Arch. mal. coeur 53: 740 (July), 1960. 

Of 29 patients with aortic or pulmonary ste- 
nosis operated upon by closed heart methods, 
only two developed conduction disturbances. Of 
28 patients with ostium secundum-type atrial 
septal defects operated upon by the open heart 


ABSTRACTS 


method, none developed them, while of 30 pa- 
tients with ostium primum atrial, atrioventricular, 
or ventricular septal defects operated upon by 
this method, A-V block appeared in six and 
right bundle-branch block in 11. Of six patients 
with valvular pulmonary stenosis one developed 
patients with A-V block died. Histologie study 
peared in all nine patients with infundibular 
stenosis, A-V block appearing once. All cases of 
A-V block appeared during insertion of a pros- 
thesis into a large septal defect; five of the seven 
patients with A-V block died. Histologic study 
showed that in these cases the common bundle 
or its bifueation was compressed by sutures. 
Right bundle-branch block did not seem to in- 
fluence the prognosis. When it appeared, the 
initial portion of QRS was not modified; the 
wide R’ wave in V, always showed high voltage, 
even if no right ventricular hypertrophy pattern 
was present before appearance of the block. The 
duration of the QRS complex showed a continu- 
ous seatter between 0.08 and 0.17 second. Left 
bundle-branch block appeared only once, after 
operation for aortie stenosis. 
LEPESCHKIN 


Edwards, W. S.: Late Occlusion of Femoral and 
Popliteal Fabric Arterial Grafts. Surg., Gynec. 
& Obst. 110: 714 (June), 1960. 

An acute ocelusion rate of 10 per cent and a 
2-year occlusion rate of approximately 50 per 
cent were encountered in 125 patients having 
femoropopliteal bypass grafts of crimped Nylon 
or Tefion tubes. Direct inspection of the unsuc- 
cessful grafts and arteriographic study of patent 
ones in 22 patients indicated that the chief factor 
leading to thrombotic occlusion was the loss of 
elasticity and flexibility of the graft. Arterio- 
grams during knee flexion frequently showed 
kinking and buckling of a graft that was reason- 
ably straight while the leg was extended. Ex- 
periments were cited to show that loss of 
flexibility was a result of fibrosis of the graft, 
the degree of which reached a maximum within 
6 months. Two infrequent causes of graft failure 
were local infection and progressive arterioscle- 
rotic obstruction proximally or distally. The author 
presently prefers endarterectomy for relief of 
short-segment femoropopliteal obstruction and re- 
serves grafting for long-segment obstructions. 


Rocers 
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NEWS FROM 
THE AMERICAN HEART ASSOCIATION 


44 East 23rd Street, New York 10, New York 





J. SCOTT BUTTERWORTH, M.D. 


J. Seott Butterworth, M.D., the new Presi- 
dent of the American Heart Association, is an 
eminent clinician and authority on the devel- 
opment of audio-visual instruments and aids 
for teaching cardiology. 

Dr. Butterworth is Associate Professor of 
Medicine, New York University School of 
Medicine. He is also Attending Physician at 
University Hospital, Visiting Physician at 
Bellevue Hospital, and Consulting Cardiolo- 
gist at five other hospitals in the New York 
metropolitan area. 

Over the years, he has been a member and 
chairman of many Heart Association councils 
and major committees, especially those con- 
cerned with professional and public education. 
His AHA activities date back to 1950 when 
he served a two-year term on its national 
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Board. He has since been Chairman of the 
Association’s Professional Education Commit- 
tee and of its Publications Committee. He has 
served on the Editorial Board of Circulation, 
has been a Vice President of the national 
organization since 1959, and has served on 
the Board of the New York Heart Association 
since 1950. 

Born in Iowa City, Iowa, Dr. Butterworth’s 
family moved to Ithaca, New York, where he 
attended Cornell University, receiving an 
A.B. degree in 1932, an M.S. in chemistry in 
1933, and an M.D. degree in 1937. In 1942, 
he obtained a Doctor of Medical Science de- 
gree from Columbia University. 

Following his internship at New York Post- 
Graduate Medical School and Hospital in 
1937-38, he was a Melville Fellow in Cardiol- 
ogy from 1939-41. 

Dr. Butterworth was awarded the Billings 
Gold Medal of the American Medical Associa- 
tion in 1953 and the Award of Merit of the 
American Heart Association in 1959. He is a 
member of Sigma Xi, the American Federa- 
tion for Clinical Research, a Fellow of the 
American College of Physicians and a diplo- 
mate of the American Board of Internal 
Medicine and the subspecialty board of 
Cardiovascular Diseases. 


Dr. Warren Chosen as President-Elect; 
New AHA Officers Elected for 1961-62 


James V. Warren, M.D., Professor and 
Chairman of the Department of Medicine, 
Ohio State University, Columbus, was named 
President-elect of the American Heart Asso- 
ciation and J. Scott Butterworth, M.D., was 
installed as President for the 1961-62 term 
at the Association’s Annual Meeting in Bal 
Harbour, Florida. 

Retiring President Oglesby Paul, M.D., 
Clinical Associate Professor of Medicine, Uni- 
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versity of Illinois College of Medicine, Chi- 
eago, became Chairman of the Heart Associa- 
tion’s Central Committee for Medical and 
Community Program. 

In addition to choosing a President-elect, 
the AHA Assembly named nine Vice Presi- 
dents, a Treasurer and 19 members to the 
Board of Directors. 

Newly-elected as Vice Presidents were Wil- 
liam W. L. Glenn, M.D., New Haven; Judge 
Dulany Foster, Baltimore; C. Victor Johnson, 
New York; John G. Smith, M.D., Rocky 
Mount, North Carolina. Re-elected as Vice 
Presidents were Brig. Gen. Philip P. Ardery, 
Louisville ; John D. Brundage, Montclair, New 
Jersey; Charles H. Rammelkamp, Jr., M.D., 
Cleveland ; Merritt H. Stiles, M.D., Spokane ; 
and Helen B. Taussig, M.D., Baltimore. 


1962 Subscription Renewals 


Subscriptions for Circulation and Cir- 
culation Research, official scientific pub- 
lications of the American Heart Associa- 
tion, may now be renewed for 1962 
through the Subscription Department, 
American Heart Association, 44 East 23rd 
Street, New York 10, New York. 

The new subscription rate for Circula- 
tion Research, which becomes a monthly 
instead of a bi-monthly in January, 1962, 
is $14 a year ($15 foreign). In combina- 
tion with a subscription to Circulation the 
rate is $25 ($28 foreign). A special rate 
of $9 annually for Circulation Research 
is available in the U. S. only for medical 
students, interns, residents and research 
fellows. 

The rate for Circulation remains un- 
changed at $14 yearly ($15 foreign). A 
special rate of $9 is available for medical 
students, interns and residents in the U.S. 
only. 


Fourth World Cardiology Congress 
Maps Program of Varied Interest 


The Organizing Committee for the Fourth 
World Congress of Cardiology is planning to 
have at least 275 original scientific papers 


AMERICAN HEART ASSOCIATION 


presented at the sessions from October 7-13, 
1962, in Mexico City. 

Of this number, it is anticipated that ap- 
proximately 260 papers will be by individual 
investigators or small research groups. The 
remainder are to be based on results obtained 
by a laboratory, clinic or institution. The pro- 
gram will also include symposia, panels and 
informal conferences through which special- 
ists may develop various aspects of a given 
subject in their particular fields. 

To assure the maximum presentation of a 
variety of papers and the widest possible par- 
ticipation by those attending, methods are 
being devised by the Organizing Committee 
for abridged presentations of some papers. 

Subjects officially approved for discussion 
in papers from institutions, and at symposia, 
panels and conferences, are: 

Biochemistry of heart failure; Electrolytes 
in the cardiac patient; Diagnostic value of 
dye dilution curves; Aldosteronism and arte- 
rial hypertension ; Inhibitors of monoaminoxi- 
dase; Fibrinolysis and coagulation ; Intracar- 
diac conduction disturbances; Basic advances 
in experimental electrocardiography; A-V 
block and artificial pacemakers; Phonocar- 
diography and its contributions to hemody- 
namics; Anatomy and etiology of congenital 
heart disease; Selective angiocardiography ; 
Late advances on pulmonary circulation. 

Also, Cardiopathies in diseases of the con- 
nective tissue; Space medicine in the cardio- 
vascular field; Stress in cardiovascular dis- 
eases ; Cerebral anoxia in the cardiac patient ; 
Intracavitary cardiac surgery; Neurological 
complications in cardiovascular surgery; 
Long-term results of mitral commissurotomy ; 
Cardiac resuscitation ; New aspects of cardiac 
arrhythmias; Cholesterol and atherosclerosis ; 
Recent advances in arterial hypertension; 
Diagnostic pitfalls in myocardial infarction ; 
Myocarditis of uncertain origin ; New physiog- 
nomy of bacterial endocarditis ; and Diagnosis 
of cardiac tumors. 

Further information regarding the Con- 
gress may be obtained from Dr. I. Costero, 
Secretary General, Instituto Nacional de Car- 
diologia, Ave. Cuauhtemoc 300, Mexico 7, D.F. 
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Meetings Calendar 


January 22-24: Inter-American Conference on 
Congenital Defects, Los Angeles. S. E. Henwood, 
International Medical Congress, Ltd., 120 Broad- 
way, New York City. 

January 29-February 1: American College of Sur- 
geons, Sectional Meeting, Los Angeles. W. E. 
Adams, 40 E. Erie, Chicago 11, Illinois. 

February 3-6: Congress on Medical Education and 
Licensure, Chicago. W. S. Wiggins, 535 N. Dear- 
born, Chicago 10, Tllinois. 

February 7-10: American College of Radiology, 
New York. W. C. Stronach, 20 No. Wacker Dr., 
Chicago 6, Illinois. 

February 8-10: Society of University Surgeons, 
Cleveland. C. F. Kittle, University of Kansas 
Medical Center, Kansas City 12, Kansas. 

March 5-7: American College of Surgeons, Sec- 
tional Meeting, Detroit. W. E. Adams, 40 E. 
Erie, Chicago 11, Illinois. 

March 26-28: American College of Surgeons, Sec- 
tional Meeting, Memphis. W. E. Adams, 40 E. 
Erie, Chicago 11, Illinois. 

March 30-April 1: American Psychosomatic So- 
ciety, Annual Meeting, Rochester, New York. 
Stewart Wolf, 265 Nassau Rd., Roosevelt, New 
York. 

April 2-4: American Radium Society, New York. 
C. G. Stetson, 35 Engle St., Englewood, New 
Jersey: 

April 6-8: American Society of Internal Medicine, 
Philadelphia. G. T. Bates, 350 Post St., San 
Francisco 8, California. 

April 6-13: American Academy of General Prac- 
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tice, Las Vegas, Nevada. Mac F. Cahal, Volker 
at Brookside, Kansas City 12, Missouri. 

April 9-13: American College of Physicians, Phil- 
adelphia. E. C. Rosenow, Jr., 4200 Pine St., 
Philadelphia 4, Pennsylvania. 

April 13-14: American Society for Artificial In- 
ternal Organs, Atlantic City. E. C. Peirce II, 
514 W. Church Ave., Knoxville 1, Tennessee. 

April 16-18: American College of Surgeons, Sec- 
tional Meeting, Washington, D.C. W. E. Adams, 
40 EK. Erie, Chicago 11, Illinois. 

April 29: American Federation for Clinical Re- 
search, Atlantic City. J. E. Bryan, 250 W. 57th 
St., New York 19, New York. 

May 1-2: Association of American Physicians 
(members only), Atlantic City. Eugene A. Stead, 
Jr., Duke Hospital, Durham, North Carolina. 

May 29-June 2: American College of Cardiology, 
Denver. Philip Reichert, Empire State Bldg., 
New York 1, New York. 

June 23: International Cardiovascular Society, 
North American Chapter, Chicago. R. A. Deter- 
ling, Jr., 171 Harrison Ave., Boston 11, Massa- 
chusetts. 

June 25-29: American Medical Association, Annual 
Meeting, Chicago. F. J. L. Blasingame, 535 N. 
Dearborn, Chicago 10, Illinois. 


Abroad 


September 5-8: International Congress of Internal 
Medicine, Munich. Prof. E. Welheim, Luitpeld- 
krankenhaus, Wurzburg, Germany. 

October 7-13: Fourth World Congress of Cardiol- 
ogy, Mexico City. I. Costero, Secretary General, 
Ave. Cuauhtemoc 300, Mexico 7, D.F. 
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Professor and Chairman, Department of Medi- 
cine, Wayne State University College of Medi- 
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Research Fellow of the American Heart Asso- 
ciation, Department of Medicine, University of 
Rochester School of Medicine and Dentistry, 
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University of Pennsylvania Graduate School of 
Medicine, Philadelphia, Pennsylvania. 


Frederic G. Dalldorf, M.D. 


Resident in Pathology, North Carolina Memorial 
Hospital; Post-doctoral Fellow, Department of 
Pathology, School of Medicine, University of 
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Anatomy, Mayo Clinic; Professor of Pathology, 
Mayo Foundation, Graduate School, University 
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of Division of Cardiovascular Surgery, Doctors 
Hospital, Washington, D. C. 
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Director, Bureau of Nutrition, Department of 
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Chief of Staff, Chief of Section on Cardio- 
vascular and Thoracic Surgery, Director of 


Cardiovascular Research, St. Vineent Charity 
Hospital, Cleveland, Ohio. 
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Arteriosclerosis. See also Atherosclerosis 
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Valsalva maneuver in, 1009 
ventricular septal defect with, 86/ 
turtle, sarcoplasmic reticulum, 343, 348 
Atropine 
effects on coronary vascular resistance, 936 
effects on sinus node, 769 
and necrotic tissue action, 114 
Auenbrugger, Leopold, 1-4, 28, 33, 40, 50, 57, 67, 
81, 86, 93, 109, 122, 138 
Aureomycin, effects on serum cholesterol, 578-590, 
732 
Auscultation 
after open heart surgery for mitral stenosis, 1033 
in mitral insufficiency, 1014 
respiration and cardiae murmurs, 980 
in right ventricular hypoplasia, 1398 
splitting of second heart sound, 180-184 
Autoimmune reactions in pulmonary vasculature, 
892 
Autonomic nervous system 
and response to exercise, 967 
and serum cholesterol variability, 1097 
Autoregulation 
of coronary blood flow, 1025 
in passive collapsible vessels, 1021 


Avsep analyzer, 940 


B 


Baboon 
arterial lesions in, 691 
serum lipids in, 1083 
Bacitracin, effects on serum cholesterol, 732 
Bacteremia shock syndrome, /(67 
Bacterial endotoxin, vascular lesions from, 1094, 
1095 


Ballistocardiogram 

anoxemia affecting, 1013 

in arrhythmias, 1073 

compared with coronary arteriography, 914 

in myocardial infarction, 1074 

timed vector, 966 

ultra low frequency, 957 
Basophilia of cell, multinucleated, 449 
Bat 

ericothyroid muscle, 341 

heart rate, 343 

as hibernator, 437 
Beaumont, William, 606 
Beaver, as hibernator, 443 
Behavior pattern 

and eardiovascular findings, 1173-1184 

and eatechol excretion, 141 
Bendrofluazide, diuretic activity of, 693 
Benzothiadiazine 

and aldosterone excretion, 1197-1204 

in hypertensive disease, 963, 1073 

as oral diuretic, 693 

salt depletion from, pressor responses to, 788-795 
Bigeminy, ventricular, 14, 1185 
Bile acids, after mevalonic acid injections, 1083 
Biopsy, needle, of myocardium, 1267 
Bishydroxycoumarin, heparin compared with, 858 
Bistrimethylammonium compounds, cardiac actions 

of, 695 


Circulation, Volume XXIV, December 1961 





INDEX 1449 


Blalock-Hanlon operation, in transposition of great 
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blood pressure affecting, 987 
Blood pressure 
and albumin entrance into aortic wall, 1090 
in baboon, 1083 
elevated, from 20 to 100 years of age, 991 
in Fiji, 1220-1223 
after heating of carotid blood, 701 
in hibernation, 437, 441 
hypertension. See Hypertension 
hypotension, arterial wall response to, 962 
hypotensive action 
of diuretics, 309 
of guanethidine, 693 
of hydroflumethiazide, 1266 
interobserver variability, 966 
kymographic phase analysis studies, 1435 
left atrial and ventricular, 267-269 
measurements, accuracy of, 1264 
physiologic influences on, 951 
and plasma 17-hydroxyecorticosteroid levels, 311 
pulmonary arterial, and normovolemic anemia, 
984 
and renal blood flow, 987 
renal pressor substances, 990 
right heart, after pericardiectomy, 1020 
and Valsalva maneuver in atrial septal defect, 
1009 
variations in, 894 


1450 INDEX 


Blood Pressure (Cont’d) 
venous 
and edema formation, 887 
in right ventricular hypoplasia, 1397 
Blood vessels. See also specific vessels 
distended wall, 897 
in hibernation, 437 
intraluminal-implantation anastomosis, 1021 
passive functions of collapsible vessels, 1021 
peripheral. See Peripheral circulation 
reactivity of, 281-288 
resistance in passive collapsible vessels, 1021 
response to bacterial endotoxin, 1094 
vasopressor drugs in shock, 1068 
Blood volume 
eardiopulmonary, exercise affecting, 981 
in cardiopulmonary bypass, 957 
eentral, 969 
heart, surface counting for, 1036 
hemodynamie effects of oligemia, 788-795 
hypervolemia, 698 
in left heart, measurement of, 904 
in mitral insufficiency, 720-727 
and neonatal respiratory distress, 920 
normovolemie anemia and pulmonary arterial 
pressure, 984 
normovolemie hemorrhagic shock, 1029 
in open heart surgery, 879 
orthostatie changes in, 925 
pulmonary, 930, 969 
measurement of, 904 
in mitral valve disease, 1008 
ventricular, 1018 
Book reviews 
Blood Flow in Arteries (McDonald), 1252 
Clinical Disorders of the Pulmonary Circulation 
(Daley, Goodwin & Steiner), 1250 
Congenital Malf. mations of the Heart (Taussiq), 
1251 
Demonstration of Physical Signs in Clinical 
Surgery (Bailey), 1253 
Heart Sounds and Murmurs (Ongley, et al.), 1250 
Prosthetic Valves for Cardiac Surgery (Merendino, 
ed.), 1249 
Quantitative Vectorelectrocardiography 
(Brinberg), 1251 
Surgery of the Aorta and Its Branches (Hardy), 
1252 
Systemic Lupus Erythematosus (Larson), 1249 
Books received, 1254-1255 
Bowditch law, 324, 461 
Bradycardia, no-flow refiex, 888 
Bradykinin, action of, 898 
Breathing. See Respiration 
Bretylium tosylate 
antihypertensive effects of, 1045 
in hypertension, 1265 
pulmonary hypertensive effects of, 998 
Bronchial blood flow, dilution curves of, 929 
Bronchogenic carcinoma, atrioventricular block 
with, 657-661 
Buerger’s disease, incidence of, 995 
Bullets, localization by angiocardiography, 1485 
Bundle 
common, 350-353 
and basement membrane, 388 
of His, 350 
action potential of, 513, 515, 537 
electrical activity of, 506 
velocity of conduction in, 510 


[Blood pressure—Capillary wall] 


Bundle-branch block 
intermittent, spatial ventricular gradient in, 910 
left 
and activation of ventricular epicardial surface, 
1034 
myocardial infarction with, 1007, 1260 
right, with cardiae hypertrophy, 692, 1264 
vectoreardiography in, 888 
Butylamine, cardiovascular activity of, 696 
Butyra‘s sodium, cardiovascular activity of, 696 


Bypass 

eardiopulmonary 

anesthesia form, 1015 

in aortic valve lesions, 900, 982 

blood volumes in, 957 

digoxin concentrations after, 975 

effect on digitalis, 950, 1072 

in mitral stenosis, 901 

in myocardial infarction, 976 

in resection of postinfarction myocardial 

aneurysms, 983 

serum turnover rates after, 920 

syndrome after, 1070 

ventricular contraction weakening in, 968 
left heart, and cardiac oxygen utilization, 918 
oxygenation without pump, 1017 
of right ventricle, in tricuspid atresia, 928 
total cardiac, coronary flow requirements in, 956 


C 


Caffeine, contraction induced by, 518, 520 
Calciferol, in atherosclerosis, 1242 
Calcific constrictive pericarditis, 932 


Calcification, cardiac 
cinefluorography of, 852, 1433 
roentgen television study of, 1407-1408 


Calcium 

effect on mechanical efficiency, 425 

effect on myocardial phosphorylase, 694 

in excitation-contraction coupling, 523-529 

hyperealeemia in myocardial infarction, 771 

influx 

and contraction, 525-528 
in depolarization, 519, 524 
and potassium, 520 

movement in musele, 518-522 

and myocardial oxygen consumption, 970 

and myocardial plasticity, 1272 

and myofibril contraction, 538 

and ouabain action on contractile tension, 957 

outfiux of, and contraction, 520 

and phosphates, 420 

relaxing factor system inhibition, 521, 528 
Capillaries 

fragility of, aspirin affecting, 615 

of heart and other organs, 368-384 

permeability and edema, 1059 

transport through, of fluid and gases, 386 


Capillary wall 
cell junctions of, 372 
fenestrated endothelium, of renal glomeruli, 378 
glomerular, tracer studies on, 378 
as laminar gel, 369 
multilayered, 369 
permeability of, 368, 383 
pores in, 369 
structure of, fine, 369-374 
variations in, 369 
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{[Carbohydrate—Cholesterol] 


Carbohydrate j 
intolerance, and degenerAtive disease, 1089 
metabolism, digitoxin affecting, 693 


Carbon dioxide 
intoxication, in oxygen therapy in emphysema, 937 
radioactive, measuring pulmonary blood flow, 
617-624 
Carcinoma, bronchogenic, atrioventricular block 
with, 657-661 
Cardiac conditions. See Heart 
Cardioglobulins, 532, 533 
Cardiovascular anomalies, detection in Ruanda, 1435 


Carotid artery 
internal, occlusion of, surgery in, 1305-1310 
ligation of, 897 
pressure tracing, 147-148 


Carotid blood 
heating of, responses to, 701 
hypothermia affecting flow, 1274 
Carotid pulse 
in aortie valvular disease, 1260 
in myocardial aneurysm, 1263 


Catechol excretion 
in coronary artery disease, 141 
in pheochromocytoma, 308 


Catecholamines 
anesthesia affecting, 1044 
cardiac, effect of, 694 
circulating, in myocardial infarction, 771 
in cold pressor test, 912 
and contractile foree, 421 
effects of, enhancement of, 1273 
and heart, hypodynamie, 539 
reserpine affecting, 988 
Catheter, J-shaped, 978 


Catheterization, cardiac 

in anomalous venous drainage into atrium, 670 
coronary artery, effects on left ventricle, 1032 
in coronary artery fistula, 175 
electrode, 881 
flow-guided, 921. 
left-heart, 306 

in aortic stenosis, 1063 

transseptal, 267-269, 633-641, 1007 
in pectus excavatum, 1145 
percutaneous, spring-guided, 1432 
retrograde arterial, in aortic stenosis, 1062 
in right ventricular hypoplasia, 1393 
in ventricular septal defects, 258-259 

Cell(s) 

common-bundle, 351-352 
on conduction system, 463 
conductive, and contraction, 492 
cross-striated, 448, 450 
in cultures, 448, 451 

differentiation of, 448-451 
electrical transmission in, 463 
endothelial, of capillary wall, 369, 370, 376 
growth and replacement, in hibernation, 438 
isolated heart, in vitro studies of, 699 
mononucleated, 448, 456 
motion, and muscle contraction, 399 
multinucleated, 448, 452, 491 
uf myocardium, 463, 492 
proliferation, 451, 452 
of specific-tissue, 350 


Central nervous system, in hibernation, 442 
Cephalins, plasma, diet affecting, 1007 
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Cerebral arteries 
atherosclerotic, in India, 68-75 
disease, and hypertension, 1264 
Cerebral arteriovenous fistula 
heart failure with, 863 
in infaney, 980 
Cerebral blood flow 
exercise affecting, 1077 
radioactive krypton studies, 305 
Cerebral ischemia 
foeal, 871 
hypothermia in, 89/ 
radiology in, 1430 
Cerebrospinal fluid oxygen tension, hypothermia 
affecting, 1274 
Cerebrovascular disease 
and hypertensive disease, 978 
serum lipids in, 955 
Chagas myocarditis, atrioventricular 
communications in, 41-49 
Chara, 501 
Chemical transmission of nervous impulse, 190 
Chest pain, skeletal, with angina pectoris, 993 
Cheyne-Stokes respiration, circulatory changes of, 
1058 
Chicago, coronary artery disease in, 145 
Chick, embryonie musele e¢ells, in vitro culture of, 
447 
Children 
atrial flutter in, 1076 
cerebral arteriovenous fistula in infaney, 980 
closure of foramen ovale and ductus arteriosus in 
newborn, 698 
congenital heart malformations in infaney, 890 
detection of heart disease, 999 
Ebstein’s anomaly in newborn, 1000 
electrocardiography of newborn, 949 
heart failure in newborn with cerebral arterio- 
venous fistula, 863 
heart rate variability in newborn, 1060 
lead intoxication in, electrocardiogram in, 1044 
premature infants, electrocardiography of, 1069 
quantitative anatomy of normal heart, 1026 
respiratory distress, neonatal, and blood volume, 
920 
serum lipoprotein parameters in newborn, 1103 
transposition of vessels. See Transposition of 
great vessels 
vascular changes in coarctation of aorta, 754-759 
ventricles and great vessels in, 1267 
ventricular septal defect, 34-40, 1067 
Chloromycetin, effects on serum cholesterol, 732 
Chlorothiazide 
and eardiae output response to norepinephrine, 
923 
and ganglion-blocking agents, 944 
hemodynamic effects of, 1026 
hypotensive action of, 309 
tissue electrolytes after, 1068 
Chlortetracycline, affecting serum cholesterol, 
578-590, 732 
Cholesterogenic activity of dietary triglycerides, 


1100 
Cholesterol 
acetate incorporated into, 1070 
biosynthesis 


nicotinic acid affecting, 1099 
ToProp affecting, 1090 
in vitro, 1088 





1452 INDEX 


Cholesterol (Cont’d) 
dietary, 1105, 1106 
atherosclerosis from, isolation affecting, 1100 
effects on serum lipids, 1088 
dihvdrocholesterol in tissues, 1084 
hepatie synthesis, reduction in, 1099 
hypercholesteremia 
blood lipid variations in, 858 
electrocardiogram in, 887 
hydrocortisone in, 1098 
and hyperlipemia, serum protein in, 1091 
nicotinie acid in, 1042 
in prairie dogs and ground squirrels, 1083 
regression in unloading diets, 1101 
treatment of, 7082 
triparanol failing to inhibit, 7082 
hvpocholesterolemie agents, 58-66, 164, 983, 1059 
kidney, turnover rate, 1089 
lipid metabolism in hypertension, 311 
serum 
age factors in, 1028 
antibacterial drugs affecting, 578-590, 729-735 
and behavior pattern, 1173-1184 
decreased levels, and cardiovascular disease, 
1104 
diet affecting, 1024, 1055, 1085, 1094, 1415-1420 
employmert affecting, 1101 
exercise affecting, 1055 
lipid parameters during control of, 1050 
magnesium ingestion affecting, 953 
neomyein reducing levels, 1102 
and reticuloerdothelial stimulation, 1088 
sodium dextrothyroxine affecting, 1059 
thyroid analogs affecting, 58-66, 164-170, 1046, 
1084 
triparanol affecting, 857, 1082, 1085, 1086, 1107 
in twins, 993 
variability, autonomic nervous system affecting, 
1097 
yolk, triparanol affecting, 1107 
Choline, in atherosclerosis, 1244 
acetylase, of conduction tissue, 463 
Cholinesterase 
activity at H-band, 385 
of corduction tissre. 464 
and impulse mediation, 365 
Chondroitin sulfate formation, and atherosclerosis, 
957 
Chorea, Sydenham, 856 ‘ 


Chronometry of carotid systole in myocardial 
aneurysm, 1263 
Chylomicron lipase, 1093 
Chylomicrons, serum, fatty acids of, in hyperlipemia, 
213-221 
Cine-angiocardiography, in tetralogy of Fallot, 911 
Cine-angiography, 1433 
coronary, 1037 
in ventricular septal defect, 905 
Cinefluorography 
of ecardiae calcifications, 1433 
in heart disease, 851-855 
of pulmonary artery pulsations, 1070 
Circulation, peripheral 
blood viscosity in, 1069 
failure, and shock, 554-555 
physiology of, 871-572 
Circulatory arrest, prolonged, problems with, 928 
Cirrhosis, portal hypertension in, 797-806 


[Cholesterol—Congenital anomalies] 


Cisternae 
of eapillary endothelial cells, 370 
terminal, 337 
Clearing factor, activity of, 87, 125, 1092 
Coagulation, 124-125, 858-859 
elotting factors, 124-125 
and deposit formation in extracorporeal shunts, 
1099 
fibrinogen-fibrin transition, 858 
heparin compared with bishydroxycoumarin 
therapy, 858 
hypereoagulable state and Hageman factor, 1056 
in lipemia, 1002 
and pulmonary megakaryocytes, 1038 


Coarctation of aorta. See Aorta 

Colchicine, and multinucleated cells, 491 

Cold, and hibernation, 434 

Collagenosis, mediastinal, 951 

Collateral coronary arteries, 1036 

Collateral pulmonary circulation, 677-688 

Coma, with hypothermia, electrocardiography in, 
1263 

Commissurotomy, mitral See Mitral valve 

Computer analysis of electrocardiogram, 643-649 


Conduction 
atrioventricular. See Atrioventricular conduction 
disorders after surgery, 1436 
multinle pathways of, 973 
ventricular, local anesthetics affecting, 1011 
ventriculo-atrial, 236-247 
Conduction system 
differentiation of, 458-470 
identification of, 979 
refractoriness of, 956 
specialized, activation sequence of, 507-510 
spontaneity in, 467 
steer, functional considerations, 364-366 


Conduction tissue 
action potentials in, 465 
blood supply to, 986 
electrical alternans in, 973 
elements of, 460 
embryonie character of, 464 
enzymes of, 463-465 
lipogenesis of, aberrant, 464 
pacemaker function, 466 
physiologic differentiation, 465 
velocity of conduction in, 465 
Congenital anomalies, 139, 859-862. See also specific 
anomalies 
eardiovascular, murmurs in, 999 
heart block, 313 
heart disease 
acidosis and cyanosis in, 943 
aortic configuration in, 1434 
asplenia with, 1004 
with congenital urinary tract anomaly, 997 
coronary artery distribution in, 782-787, 1018 
eyanotic, thrombocytopenia with, 1013 
in early infaney, 590 
epicardial electrocardiographie potentials in, 
1065 
glomerular alterations in, 139 
mild defects, 862 
phonoeardiography in, 984 
pregnancy with, 1003, 1075 
renal hemodynamics in, 901 
roeutgen diagnosis, 1434 
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pulmonary blood flow in, 617-624 

in twins, 938 
lung malformations, 932 
pulmonary artery anomalies, 662-668, 861 
pulmonary venous drainage anomalies, 862 
shunts, pulmonary hypertension with, 916 
urinary tract anomaly, with congenital cardine 

malformations, 997 
Connective tissue 

of common bundle, 350 


Cor pulmonale 
angiocardiography in, 1049 
in eystie fibrosis of pancreas, 942 
edema with, oxygen therapy in, 139 
electric signs of, 1262 
right ventricular hypertrophy with, 308 
Core resistance, 462 
Corneal connective tissues, plasma lipids in, 1107 


Coronary arteries, 140-147 1256-1260. See also 


corneal, plasma lipids in, 1107 


Constriction of pulmonary artery, in ventricular 
septal defect in infancy, 34-40 
Contractile force, 402, 403 
decreased, factors in, 420, 421 
filament model in, 404-407 
inereased, factors in, 420 
mechanochemieal factors in, 404 
and oxygen consumption, 424 
and phosphates, 416-428 
and phosphorylase activity, 694 
possible processes causing, 405 
tension release in, 407 


Contraction. See also Relative motion 
anaerobic, 488 
anions and, 518 
and blood plasma, 530 
caffeine-induced, 520 
calcium activation of mechanism, 521 
and ealeium influx, 525-528 
and ealecium outflux, 520 
and cell motion, 399 
of cell, multinucleated, in embryo-tissue culture, 
450 
chemical energy flux in, 400 
of conduction system, 492 
eontinuity of, 385 
and contractile proteins, 483-490, 496 
electrical effect and chemical processes, 365 
energy for, 416 
energy production, and relative motion, 401 
energy release in, 410-415 
factors in, 408 
and filaments, relative motion of, 401 
force-velocity relation, 399 
of heart 
and lysolecithin, 532 
and norepinephrine, 539 
plasma effeet on, 534 
and heat, metabolic pathways of, 429 
and high energy phosphates, 423-427 
isometric, factors influencing, 942 
and membrane depolarization, calcium as link, 518 
metabolism regulation in, 410-415 
mitochondria regulating, 487 
myocardial 
acidosis affecting, 1058 
afterload in, 981 
of myofibrils, and ealeium, 538 
ouabain affecting tension, 957 
and phosphorylase, 488 
potassium-indueced, 520, 523 
and protein synthesis, 487 
of Purkinje fibers, in ungulates, 493 
sliding-filament in, 336 
tetanic 
and calcium release, 520 
phosphorylase in, 488 
release of, 405, 407 
theories, and muscle physiology, 399-409 
viscoelastic model, 399 
work in, 411 
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Angina pectoris; Infaretion, myocardial 
Ameroid constriction in, 146 
anomalies of, myocardial infaretion with, 143 
anomalous communication, 171-177 
anomalous distribution, 782-787, 1018 
anticoagulant therapy, 143 
arteriography, 982 
and anatomie findings, 929 
electrocardiography compared with, 914 
and myocardial infarction in young subjects, 
982 
percutaneous, 1020 
arteriovenous fistula, 1258 
atheromas, 1084, 1106 
atherosclerosis 
and blood viscosity, 1098 
in diabetes, 1093 
in India, 68-75 
long-term anticoagulant therapy, 961 
pathogeresis of, 1066 
sudden death in, 1047, 1259 
behavior pattern in disease, 1173-1184 
blood flow 
after aortie constriction, 885 
autoregulation of, 1025 
in eardiae bypass, 956 
dilution curves of, 929 
measurement of, 964 
and oxygen supply, 1271 
blood lipid variations in disease, 858 
calcification, cinefluorography of, 853 
eatechol excretion in disease, 141 
catheterization, effects on left ventricle, 1032 
in Chicago labor force, 145 
chylomicron fatty acids in serum, 213-221 
cinearteriography, 1037 
circulation studies, 146-147 
collateral arteries, 1036 
community studies, 1092 
constriction, peripheral resistance after, 1036 
diagnosis of disease, 1048 
distribution in congenitally malformed hearts, 
782-787, 1018 
electrocardiogram, postexercise, 144, 145 
and emotional stress, 1027 
employment of female patients, 1101 
erythrol tetranitrate therapy, 140 
exercise by patients, 142 
exercise test in, 736-738 
fat tolerance tests in, 1084 
fluorescence microscopy of, 1267 
and gastrointestinal hemorrhage, 141 
histochemical studies of, 1108 
insufficiency, radioiodine in, 1266 


iproniazid in angina, 141 

in Israel, 896 

left, pulmonary origin of, 1050 

lipid anomalies, localization of, 1087 
lipid patterns in Yemenite Jews, 896 
metabolie lesions of, 899 

neurogenic disease, 144 

occlusion 
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Coronary Arteries (Cont’d) 


after atherogenic diets, 1049 
eoronarographie aspects of, 312 
Coronary Care Unit for, 1071 
dilatation of heart after, 914 
factors in incidence of, 1258 
isolated segmental, 1104 
premonitory phase of, 990 
ventricular fibrillation after, 1259 
pericarditis after, 140, 1257 
pericoronary denervation, 1271 
phospholipids in serum, 140-141 
and pleuro-pericarditis, 140 
post mortem studies, 145, 312, 1005 
prevention evaluation program, 1105 
in railroad employees, 1016 
resistance, agents affecting, 936 
revascularization, operative, 145, 146 
rhythm disorders in disease, 141 
rupture, myocardial, 142 
and senile heart, 926 
and smoking, 921 
social and cultural factors in disease, 1106 
status anginosus, 144 
surgery in disease, 145-146 
thrombosis 
fibrinolytic therapy, 973 
gangrene with, 147 
origin of, 1257 
premencpausal, and urinary i7-ketosteroids, 902 
d-tihyroxiue in, 1103 
triparanol affecting, 857 
vasomotor activity, 281 
Coronary vasculature 
anatomy and physiology of, 997 
segmental resistance, 995 
Coronary veins, roentgen studies, 1431 
Coumarin drugs, 127-131 
thromboelastogram after, 893 
Creatine phosphate 
ATP system, changes in, in twitch, 429 
of heart, in failure, 486 
high energy phosphate, 416 
and muscle contraction, 325 
seasonal variations in, 429 
Crista supraventricularis, 223 
Cross-bridges 
demonstration of, 386 
and filaments, 328, 331, 333 
and musele 331 
myosin molecules of, 387 
pull of, 332 
Cyanosis 
acidosis with, 943 
in anomalous venous drainage into atrium, 669 
blood gas studies in, 913 
in right ventricular hypoplasia, 1397 
thrombocytopenia with, 1013 
Cyclocumarol therapy, 128 
Cyclopropane anesthesia, effects of, 1044 


Cystic fibrosis of pancreas, cor pulmonale in, 942 


D 


Degenerative disease, and carbohydrate intolerance, 
1089 
Dehydrogenases 
in muscular dystrophy, progressive, 1352 
succinic, and impulse mediation, 365 


{Coronary arteries—Dilatation of heart] 


Deoxyribonucleic acid 
accumulation in embryo-tissue culture, 452 
inerease in, and cell proliferation, 451 
and protein synthesis, 486 
Depolarization, 501 
calcium influx during, 519, 524 
and potassium, 520, 523 
Desmosomes 
in A-V and S-A nodes, 364 
and impulse speed, 365 
of specific-tissue cells, 353 
Desmosterol, triparanol affecting, 889, 1086 
Dextran, pressor responses to, 791 
Dextrocardia, 951 
Dextrorotation of heart, angiocardiography in, 880 
Diabetes 
atherosclerosis with, in Yemenite Jews, 895 
circulatory reflexes in neuropathy with, 77 
coronary atherosclerosis in, 1093 
and coronary artery disease, 145 
fatty acids of adipose tissue and plasma lipids in, 
1102 
myocardial infaretion in, 1093 
and myocardial removal of free fatty acids, 941 
orthostatic hypotension with, and pressor responses 
to norepinephrine, 1051 
retinal fluorescence in, 83 
thrombosis in, 1093 
Diastolic filling pressure, in congestive failure, 473 
Dichloroisoproterenol, in ventricular fibrillation, 907 
Dicumarol therapy, 127 
Diet 
atherogenic, coronary occlusions after, 1049 
and atherosclerosis, 1097 
cholesterol, dietary, 1105, 1106 
and cholestero! levels, 1024, 1055, 1085, 1101, 
1415-1420 
and coagulation, 136 
high unsaturated fat diet, 916 
in monks, 857 
and myocardial infarction, 1085 
nutritional status and protein sulfate ineorpora- 
tion, 497 
and plasma ecephalins, 1007 
and serum lipids, 213-221, 7088 
in thrombosis and cardiac infarct, 1100 
Diffusion, and capillary permeability, 369 
Digital rheoplethysmography, 898, 899, 908 
Digitalis 
acetyl digitoxin, 862 
antagonism by potassium, 694 
arrhythmias from, 922 
in atrioventricular heart block, 1006 
and carbohydrate metabolism, 693 
effect on A-V node action potential, 515 
effect on cardiac vessels, 285 
extracardiae vascular effects of, 695 
extracorporeal circulation affecting, 950, 1072 
in hemorrhagic shock, 912 
and myosin, 493 
reserpine with, 925, 1185-1191 
Digitoxin therapy, 862 
Digoxin 
and aldosterone secretion, 915 
concentrations, perfusion affecting, 975 
metabolism after cardiopulmonary bypass, 921 


Dihydrocholesterol in tissues, 1084 
Dilatation of heart, after coronary occlusion, 914 
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Dilution curves 
analysis of, 909 
in anomalous venous drainage into atrium, 674-675 
in aortic regurgitation, 989 
ascorbate dilution curves, 1227-1233 
of blood flow in limb, 923 
of cardiac output, 886 
of coronary and bronchial blood flow, 929 
injection site, influence of, 1028 
in pectus excavatum, 1145 
pressor amines affecting, 1055 
rapid analysis of, 1035 
reactive hyperthermia in, 148 
in regurgitation, 1008 
simultaneous, from systemie arteries and right 
heart, 1029 
Dimecamine, as ganglion blocking agent, 695 
Dinitrophenol, and myosin activity, 394 
Diphenadione therapy, 128 
Disc, interealated 
in A-V and S-A nodes, 364 
and electrical conduction, 387, 537 
and impulse conduction, 365 
and ionic movement, 537 
resistance of, 539 
of S-A node, 359 
structure of, 462, 539 
and syneytium, 491 
Distended vascular wall, architecture of, 897 
Distensibility, arterial, in lower extremities, 901 
Diuresis 
abnormal, after open cardiotomy, 904 
antihypertensive mechanisms of salt depletion, 
788-795 
bendrofluazide, 693 
benzothiadiazine, 693 
combined administration of chemically different 
agents, 1034 
hyponatremia with overhydration, 191-202 
hypotensive action of diuretics, 309 
L-lysine monohydrochloride with, 1269 
mereurial 
extrarenal action of, 1056 
renal site of action of, 892 
in nonedematous cardiae disease, 752 
potassium metabolism during therapy, 1054 
pteridine, 1026 
Dopamine, cardiac effects of, 958 
Ductus arteriosus 
closure in newborn, 698 
patency 
and coarctation of aorta, 754-759, 1356-1364 
disappearing murmur of, 1235-1237 
overaeration of left lung in, 937 
pulmonary artery anomaly with, 662-668 
pulmonary blood flow in, 623 
unusual manifestations of, 912 
and ventricular septal defect, 1356-1364 
Dye-dilution curves, See Dilution curves 
Dyspnea, in right ventricular hypoplasia, 1397 
Dystrophy, progressive muscular, 1013, 1052, 
1348-1354 






























































































































































































































E 


Ebstein’s anomaly, 233, 234, 1000 
changes in, 895 

Eclampsia, protoveratrine in, 309 

Ectopic beats, ventricular, 1053 
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Edema 


and eapillary permeability, 1059 
in cor pulmonale, oxygen therapy in, 139 
extracorporeal ultrafiltration in, 878 
hydrochlorothiazide in, 1268 
persistence of high body sodium, 626-632 
pulmonary 

experimental, 1270 

at high altitude, 935 

and myoeardial infarction, 933 

and pulmonary lymphaties, 1060 
spironolactone in, 1268 
and venous pressure, 887 


EDTA, and myosin, 395 
Education 


medical-student research, 1123-1125 
postgraduate, 543-547 


Ejection time, systolic, in myocardial 


disease, 954 


Elastase inhibitor, in atherosclerosis, 857 
Electric alternation mechanisms, 973, 1263 
Electric countershock, in refractory 


tachyeardia, 1078 


Electric current, and contraction of 


potassium-depolarized ventricles, 1048 


Electric pacemakers. See Pacemaker 

Electric potentials of Purkinje tissue, 1262 
Electric shock, myocardial infarction after, 1259 
Electrical activity 


A-V eondueting system transmitting, 506-517 
of ecardiae muscle, 499-505 


Electrical transmission, in disaggregated cell 


clusters, 463 


Electrocardiocorder, 940 
Electrocardiography 


ABC leads in ischemia, 305 
amplification technies in, 1076 
analyzer for, 1004 
in anomalous venous drainage into atrium, 669 
in anoxemia, 1273 
in aortie stenosis, 1062 
subvalvular, 1131 
in atrial arrhythmias, 1046 
in atrial enlargement, 1077, 1261 
in atrial septal defect, 1035 
in atrioventricular cushion defects, 860 
in coma with hypothermia, 1263 
compared with coronary arteriography, 914 
computer analysis in, 643-649 
continuous ambulant, 940 
in cor pulmonale, 308, 1262 
in coronary artery fistula, 174 
in coronary heart disease, 736 
direction of mean QRS vectors, 906 
in Ebstein’s malformation, 895 
electronic analysis, 1021 
epicardial potentials in congenital heart 
disease, 1065 
and exercise, 144, 145, 736, 884 
fetal, 305 
high amplification in, 1263 
in hypertensive heart disease, 910 
in hypothyroid heart disease, 304 
in intermediate coronary syndrome, 546-567 
in ischemic heart disease, 991 
in lead intoxication in children, 1044 
in muscular dystrophy, 1350 


in myocardial infarction, 110-121, 821, 843, 1014 


rudimentary anterior, 1260 
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Electrocardiography (Cont’d) 
S-T segment shift in, 1075 
transitory Q waves in, 1261 
in neurogenic coronary insufficiency, 144 
normal values, 305, 707-709, 710-711 
in pectus execavatum, 1147 
in persistent common atrioventricular 
eanal, 985 
phase shift of repolarization, 305 
in pilots, 306 
in pregnancy, 1069 
in premature infants, 1069 
prognostic implications, 308 
relationships between abnormalities, 887 
in right bundle branch block with ventricular 
hypertrophy, 1264 
in right ventricular hypertrophy, 308, 1264 
in right ventricular hypoplasia, 1400 
RS-T segment variant, 1065 
septal electrical activity and QRS complex, 959 
serial, long-term study of, 1010 
Slapak and Partilla leads, 307 
T-wave changes, 1043 
functional and organic, 1065 
in newborn, 949 
in tetralogy of Fallot, 94-108 
in total, natural community, 891 
in tricuspid atresia, 1046 
ventricular gradient, 1261 
ventricular overload affecting, 1030 
in ventricular septal defect, 148, 258 
voltage criteria, in left ventricular 
hypertrophy, 1022 
in ‘‘ vyoluntary’’ eardiae control, 1319-1325 
wide triphasie and quadriphasie waves, 907 
Wolff-Parkinson-White syndrome, 1264 
Electrodes 
in cardiac catheterization, 881 
myocardial, in atrioventricular block, 1272 
Electrograms, bipolar, of specialized conducting 
system, 507-510 
Electrokymography, in myocardial infarction, 
1262, 1430 
Electrolytes 
after chlorothiazide, 1068 
and myosin ATPase, 393 
in severe heart disease, 743-753 
thiazide diuretics affecting, 1197-1204 
Electron microscopy 
of capillary wall, 370 
of cardiac muscle, in cold cardioplegia, 875 
and eardiae syncytium, 462 
of common bundle, 351-353 
of filaments, shortening, 430 
of heart biopsies, 955 
of Purkinje fibers and ventricular muscle, 954 
of specific tissue, sheep, 360 
of ultrastructure, 326 
resolution limits, 326 
Electrophoresis 
mobility of lipoproteins, 1094 
and renin purification, 1429 
Electrostatic-entropic process, of muscle 
eontraction, 405 
Embden-Meyerhof cycle, carbohydrate 
intermediaries in, 488 
Embolism 
arterial, and mitral valvuloplasty, 926 
atheromatous, spontaneous, 312 
peripheral arterial, 1075 


INDEX [Electrocardiography—Epinephrine and 


norepinephrine ] 


Embryonic cardiac tissue, injury potential of, 979 
Emotional stress, and coronary heart disease, 1027 
Emphysema 
eardiopulmonary hemodynamics in, 883 
mephentermine in, 881 
oxygen inhalation and CO, intoxication, 937 
radioactive krypton in, 1275 
Employment 
of cardiac patients, 1101 
and heart disease, 962 
Endocardial pathology, from cardiac lymph 
flow impairment, 998 
Endocarditis 
bacterial 
antibiotic prophylaxis, 1016 
changing spectrum of, 1074 
penicillin therapy in allergic patients, 1055 
nonbacterial, 882 
nonspecific aspects of, 308 
Endocrine glands, in hibernation, 435 
Endothelium 
activators in atherosclerosis, 1095 
capillary, fenestrated, 378, 380 
Endotoxins 
aortic lesions aftcr, 1095 
shock from, 876 
vascular response to, 7094 
Energy 
activation heat A, 410 
ATP as primary donor, 412 
chemical, conversion to mechanical, 425-427 
chemical reaction in, 429 
definition of, 400 
expenditure, in hibernation, arousal from, 442 
free, of ATP hydrolysis, 390 
initial, and recovery heat, 429 
maintenance heat, 410 
and mitochondria, 385 
and muscle contraction, 324, 410, 416 
muscle sourees of, 412 
phosphates for, 416 
production, 400, 401 
and relative motion, 401 
and relaxation, 411 
release, 331, 332 
shortening heat, 411, 429 
and tetanus, 431 
total, and recovery heat, 429 


Enzymes 
of adult and embryonic heart, 464 
and energy release, 331 
heparin releasing into plasma, 1041 
of lipogenesis, aberrant, 464 
localized intimal defects, and coronary 
atherosclerosis, 1066 
and myocardial infarction, 879, 1259 
in pulmonary infarction, 879 
serum 
after arterial occlusion, 978 
elevation in shock, 1041 


Ephedrine, and contractile force of heart, 694 

Epicardio-fibrous-pericardiectomy, for 
myocardial revascularization, 1009 

Epicarditis, constrictive, after pericarditis, 1072 


Epinephrine and norepinephrine 
and eardiae metabolism in hemorrhagic 
shock, 699 
cardiae output response to, chlorothiazide 
affecting, 923 
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[ Electrocardiography—Fetus] 


and contractile force of heart, 420, 694 
contraction, and phosphates, 420 
effeets on fetal and maternal cireulation, 965 
effects on pulmonary vascular bed, 884 
and guanethidine activity, 693 
and heart, hypodynamie, 531, 539 
hypertension, norepinephrine in, 1073 
hypertensive effect of norepinephrine, 1064 
long-term norepinephrine infusion, 939 
myocardial infarction, 1-norepinephrine 
after, 911 
and myocardial metabolism, 1019 
myocardial uptake of fatty acids after 
norepinephrine, 1105 
pressor response to, 790, 792 
in diabetes, 1051 
reserpine affeeting response to infused 
norepinephrine, 988 
shock, norepinephrine in, 1068 
and sympathetic stimulation, 697 
vascular reactivity after, 283 
Epithelial layer of glomerular capillary 
wall, 378, 380 
Erythrocyte lipids, 1051 
Erythrol tetranitrate 
in angina pectoris, 140 
pressor response to, 791 
Eserine, effects on isolated heart cells, 699 
Esophageal pressure, and body position, 1053 


Estrogens 
and atherogenesis, 145 
effect on interlipid relationships, 989 
effect on serum lipids, 1087 
Ethanol, effects on fatty acids, 970 
Ether 
anesthesia, effects of, 1044 
test for right-to-left shunts, 1244-1246 
Ethylene diaminetetra-acetate, and myosin, 395 


Ethynylestradiol 3-methyl ether and 
norethynodrel, serum lipid effects of, 1087 
Euphyllin, vascular reactivity after, 285 
Excitation-contraction coupling, 430 
ealeium in, 523-529 
and sarcoplasmic reticulum, 347 
Exercise 
in angina pectoris, 934 
and atrial contraction, 884 
and atrial fibrillation conversion to sinus 
rhythm, 939 
and autonomic nervous system activity, 967 
blood flow after walking, 1271 
and cardiac output, 943, 1039 
and cardiopulmonary blood volume, 981 
cardiovascular response to, 1064, 1066 
and cerebral blood flow, 1077 
and chest x-rays in mitral stenosis, 949 
and cholesterol levls, 1055 
and coronary circulation, in neurocireulatory 
asthenia, 144 
electrocardiogram after, 144, 145, 884 
graded activity program, 899 
and isometric contraction time, 942 
metabolic and hemodynamic responses to, 905 
myocardial hyperemia persistence after, 1003 
after myocardial infarction, 142 
and stroke volume, 1274 
supine, in orthostatic hypotension, 76-81 
as test in coronary heart disease, 736-738 
vectoreardiogram after, in angina 
pectoris, 1044 


Circulation, Volume XXIV, December i961 


INDEX 1457 


Extracorporeal circulation. See Bypass 


Extracorporeal shunts 
deposit formation in, 1099 
plastic models as, 1089 


Extrasystoles, myocardial contractility in, 894 


F 
F-actin, 396 


Facial features, in aortic stenosis, supravalvular, 
1311-1317 


Factors, blood clotting, 124 


Fallot tetralogy 
acyanouie, 979 
cine angiocardiography, 911 
electrophysiologic variations in, 94-108 
phonocardiography in, 939 
postoperative studies, 893 
pulmonary blood flow in, 620 
pulmonary stenosis after repair, 1009 
surgery in, 1342-1346 
unsuccessful closure of ventricular septal 
defect, 250-262 
Familial cardiomegaly, 599-605, 977 
Fat 
absorption 
antibiotics affecting, 584, 733 
in heart failure, 885 
in hyperlipemia, idiopathic, 882 
depot, iodine number of, and coronary 
atherosclerosis, 1086 
dietary 
and atherosclerosis, 1097 
effects on serum lipids, 1088 
and platelet survival, 1098 
lines, cardiac, cinefluorography of, 854 
tolerance 
oral and intravenous tests, 1084 
thyroid analogs affecting, 1084 
whiskey affecting, 1054 
types of, in hibernators, 435 
unsaturated, diet high in, 916 


Fatty acids 
acetate incorporated into, 1070 
of adipose tissue and plasma lipids, 1102 
ethanol affecting, 970 
free, ganglionic blockade affecting, 697 
myocardial uptake of, 941, 1025, 1105 
plasma, origin and fate of, 1095 
renal extraction of, 986 
saturated, chain length of, 1094 
of serum chylomicrons, in hyperlipemia, 213-221 
smoking affecting, in myocardial infaretion, 
970 
Fecal steroids, after mevalonic acid 
injections, 1083 
Fecal sterols, dietary cholesterol affecting, 
1088 


Femoral conditions 
arteriography, 1432 
graft, late occlusion of, 1436 
pulse, in aortic valvular disease, 1260 
sound, double, 696 
vascular resistance, in hypertension, 994 


Ferritin, as tracer, in capillary wall, 376, 378 


Fetus 
electrocardiography, 305 
epinephrine action on circulatory system, 965 
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Fever 
in postoperative syndrome, 1070 
in rheumatic heart disease, 926 


Fibers 
of conduction system, cells of, 351 
of heart muscle, 333 
of skeletal muscle, 333 


Fibrillation 

atrial 
acetylcholine-induced, 1057 
biochemical and enzymatic changes in, 939 
conversion to sinus rhythm, and exercise, 939 
and myocardial arrhythmia, 761-775 
and nodal tachyeardia with block, 12 

cause of, 697 

and electrical activity, 497 

and phosphorylase, 488 

ventricular 
after coronary artery occlusion, 1259 
duration of, before external massage, 1051 
induced, for cardiac arrest, 938 
in hypothermia, dichlorosoproterenol in, 907 
and procaine amide, 1004 
sensitization to, 694-695 


Fibrils 
of basement membrane, of capillary wall, 374 
birefringent, in embryo-tissue culture, 450 


Fibrinogen-fibrin transition, 858 


Fibrinolysis 
acidosis and alkalosis affecting, 917 
lipemia affecting, 1002 
in thrombotic venous segment, 859 


Fibrinolytic therapy 
in coronary thrombosis, 973 
heparin affecting, 1001 
resistance to, 960 
in venous thrombosis, 859 


Fibrosis 
eystic, of pancreas, cor pulmonale with, 942 
testicular, and arteriosclerosis, 1367-1370 


Fiji, blood pressure in, 1220-1223 


Filaments. See also Myofibrils 
actin, 330-333, 336, 493 
composition, 329 
cross-bridges, 328, 332, 333, 387 
folding, in contraction, 405, 408 , 430 
and muscle change, 330 
myosin, 330, 336, 387, 528 
Purkinje-like, of steer common bundle, 352 
sliding, 387, 404, 430 
First heart sound, 919, 938 
Fistula, arteriovenous 
cerebral 
heart failure with, 863 
in infancy, 980 
eoronary artery, 171-177, 1258 
pulmonary, 669 
variant of, 1409-1414 
Fluids 
interstitial, and blood-plasma exchange, 368 
in severe heart disease, 743-753 
transport through capillaries, 386 


Fluorescence 
microscopy, of coronary arteries, 1267 
in retina, 82-86 
Fluorescent-antibody technic, to identify 
streptococci, 964 
Fluoroacetate, and phosphate decrease, 420 


INDEX [Fever—Grafts] 


Fluoroscopy. See Cinefluorography 
Flutter, atrial, in children, 1076 


Foramen ovale 
closure in newborn, 698 
patency, right ventricular hypoplasia 
with, 1388-1401 


G 


G-actin, 396 


Ganglion blocking agents 
chlorothiazide affecting, 944 
circulatory reflexes after, 77 
dimecamine as, 695 
and hypervolemia, 698 
and serum free fatty acids, 697 
Gangrene 
with coronary thrombosis, 147 
venous occlusion with, 549-555 
Gas 
blood, in cyanotic heart disease, 913 
transport through capillaries, 386 
Gastrointestinal tract 
aspirin-induced bleeding, anticoagulants 
affecting, 613-616 
fat absorption after neomycin, 733 
myocardial infarction after hemorrhage, 141 
Genitourinary infection, unsuspected, in 
pregnancy, 933 
Gitalin, effects of, 1268 


Glomerular alterations in congenital heart 
disease, 139 
Glomerulonephritis, 1012 
cryptogenic chronic, 972 


Glucagon, and myocardial metabolism, 1019 


Glucose 

and fatty acids, in hyperthyroidism, 944 

myocardial utilization, 946, 1353 
Glucose-6-phosphate, in anaerobie contraction, 

488 

C-Glycine, in myofibrils, 496 
Glycogen 

in anaerobic contraction, 488 

anoxia resistance of, in conduction system, 492 

in cardiac hypertrophy, 312 

in conduction tissue, 463 

digitoxin affecting, 693 

of heart, in failure, 486 

and lactie acid, 325 

metabolism of, rate of, 492 

in muscle contraction and relaxation, 411 

of myocardium, 463 

phosphorylase activity, myocardial, 694 

of specific-tissue cells, 351, 366 

storage disease, myocardial, and subaortiec 

stenosis, 924 

use of, periodic, and resynthesis, 492 
Glycogenolysis, and phosphorylase, 488 
Glycosides, cardiac, 421, 425, 426 

and aldosterone secretion, 915 

and hypodynamic heart, 532 

muscle contraction, and phosphates, 420 
Goiter, colloid, and atherosclerosis, 777-781 
Gold, colloidal, as tracer, in capillary wall, 376 
Grafts 


arterial, plastic sponge in, 936 
failures of, 1436 
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{[Grafts—Heart] 





Grafts 
femoral, late occlusion of, 1436 
heart transplants, 1018 
popliteal, 23-28, 1436 

Great vessels 
in normal children, 1267 
origin from right ventricle, 927 
transposition of. See Transposition of great 

vessels 

Guanethidine 
antihypertensive effects of, 1045 
in hypertension, 1265 
intravenous, hemodynamie effects of, 906 
and norepinephrine depletion, 693 
vasodilator effects of, 873 















H 


H-band, cholinesterase activity at, 385 
H-zone, 328, 385, 432 
Hageman factor, and hypercoagulable state, 1056 
Halothane anesthesia, effects of, 1044 
Heart 
action potentials of, 499 
after aortie stenosis, protein synthesis in, 486 
apex eardiogram 
in atrial flutter, 1263 
phonoeardiogram with, 307 
apex impulse, palpation of, in ventricular 
hypertrophy, 960 













arrest 
from ventricular fibrillation, 938 
left ventricular function after, 1274 
myocardial metabolism after, 698 
‘*voluntary’’ control in India, 1319-1325 
artificial, in chest, 974 
atrioventricular conducting system, 
differentiation of, 458-470 
beat, initiation of, in embryo, 459 
block 
artificial pacing in, 928, 952, 958. See also 
Pacemakers 
atrioventricular, See Atrioventricular block 
bundle-branch. See Bundle-branch block 
complete, cardiodynamies in, 893 
congenital, 313 
peri-infarction, 991 
in rheumatoid arthritis, 1038 
sino-atrial, 977 
surgery in, 934 
ventricular asystole in, 1031 
blood flow distribution in, 986 
bypass. See Bypass 
calcifications 
cinefluography of, 1433 
roentgen television study of, 1407-1408 
calcium, in excitation-contraction coupling, 
523-529 
capillaries of, 368-384 
cardiomegaly 
in Ebstein’s anomaly, 1000 
familial, 599-605, 977 
eardiomyopexy, in ischemic heart disease, 146 
cardioplegia, cold, electron microscopy during, 
875 
competence index, 420 
conduction tissue, elements of, 460 
congenital disorders 
aortie cenfiguration, 1434 
with congenital urinary tract anomalies, 99? 
roentgen diagnosis of, 1434 
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contractile proteins of, 446, 483-490 
dextrocardia, 951 
dilatation after coronary occlusion, 914 
disease 
and alcoholism, 1001 
employment with, 962 
and rheumatie fever, 931 
and Workmen’s Compensation, 274-280 
efficiency of, mechanical, 424-427 
electron microscopy of biopsy material, 955 
electrophysiology of, 498 
embryonic, 458-460 
exercise, response to, 943, 1039, 1064 
failure, 139-140, 249, 862-863 
acetyl digitoxin therapy, 862 
and actomyosin, 478, 485, 489 
and anoxia, 496 
and eardioglobulin, 533 
cerebral arteriovenous fistula with, 863 
as disturbance of contractile proteins, 484 
edema of, 1059 
experimental, types of, 422 
fat absorption in, 885 
force-velocity relation, 494 
and high energy phosphate, 421-423, 496 
and Hill’s equation, 431 
hypoxemia in, 1151-1153 
iliae vein ligation in, 863 
isoproterenol in, 863 
left, 985, 1039 
mitochondria in, 496 
myofibrillar adenosine triphosphatase in, 
876 
myosin in, 471-482, 494, 862 
and orthostatic changes in blood volume, 
925 
oxygen therapy in edema with cor 
pulmonale, 139 
protein synthesis during, 486 
from reduced energy utilization, 539 
regulation of breathing in, 878 
reticulocytosis in, 1151-1153 
reversibility of, 493 
and rheumatic heart disease, 1047 
right, hyperaldosteronism in, 915 
serum glutamic oxalacetic transaminase in, 
140 
sodium retention in, inotropic agents and, 493 
surgery in, 471 
THAM in, 897 
and tricuspid insufficiency, 1042 
triolein absorption in, 140 
glycosides. See Glycosides, cardiac 
hypersensitivity reaction of, 998 
hypodynamie, 531, 539 
hypertrophy. See Hypertrophy of heart 
injury potential of embryonic cardiac tissue, 97? 
isolated cells, in vitro cells of, 699 
jelly, cardiac, 458 
lactic acid production in, 425 
left 
blood volume in, 904, 981 
Thebesian drainage in, 1000 
muscle, See Myocardium 
in muscular dystrophy, 1013, 1350 
output 
computer technic for monitoring, 1047 
exercise responses in thyroid disease, 1039 
forgotten factor in measurements of, 992 
of hyperthyroidism, 916 
mechanical effects of muscular contraction, 
948 


1460 


Heart (Cont’d) 
mechanisms affecting, 701 
in muscular dystrophy, progressive, 1350 
posture and exercise affecting, 943 
in pulmonary disease, positive-pressure 
breathing affecting, 701 
new pulse-contour measurement, 886 
response to norepinephrine, chlorothiazide 
affecting, 923 
and stroke volume, 1275 
plasma constituents, effect on, 531 
postoperative function, 1010 
protein synthesis in, 497 
pump as substitution for cardiae function, 976 
rate 
in hibernation, 436, 437, 440 
and phosphates, 420 
radiotelemetry, 963 
variability in newborn, 1060 
senile, 926 
sounds 
in aortic stenosis, subvalvular, 1130 
double femoral sound, 696 
first, 919, 938 
frequency-intensity analysis of, 990 
Korotkov’s sounds, 700 
opening snap in mitral stenosis, 697 
in pectus exeavatum, 1019, 1147 
posture affecting, 1022, 1270 
second sound, 180-184, 938, 1270 
tape-recorded, 999 
third sound in mitral valve disease, 1033 
steer, impulse-conducting system of, 348-367 
structure of, 460 
tamponade, 1037, 1274 
telemetry, cardiopulmonary, 1032 
transplants, homologous, 1018 
tubular elements of, 345 
volume 
kymographie phase analysis studies, 1435 
roentgen studies, 1432 
work capacity of, and phosphates, 420 
Heat 
and energy, 332, 410, 429 
exchanger for hypothermia, 1436 
maintenance, and tension, 431 
types of, and contraction, 332, 410, 411, 429 
Helium-oxygen inhalation test, in left-to-right 
shunts, 877 
Hematopoiesis, in hibernation, 438 
Hematoporphyrin, injections of, effects of, 1082 
Hemophilia, surgery in, 1069 
Hemorrhage 
and anticoagulant therapy, 124, 135 
gastrointestinal 
aspirin-induced, anticoagulants affecting, 613 
616 
myocardial infarction after, 141 
in long-term anticoagulant therapy, 1137-1142 
and pericarditis, 932 
and precordial pulsatory motions, 1023 
Hemorrhagic shock 
eardiac metabolism in, epinephrine affecting, 699 
circulating volume in, 1029 
digitalization in, 912 
sympathoadrenal response in, 1023 
Hemostatic mechanism, 124-125 
Heparin 
administration of, 136 
anticoagulant activity of, 90, 91, 125-131 
bishydroxycoumarin compared with, 858 


[Heart—Hypertension] 


clearing factor lipase activity, serum inhibitors 
of, 1092 
and electrophoretic mobility of lipoproteins, 1094 
lipemie clearing action of, 857 
long-term, in coronary atherosclerosis, 961 
after myocardial infarction, 1256 
plasma, effects on thromboplastin generation, 1091 
plasma lipoprotein lipase after, 87-93 
releasing enzymes into plasma, 1041 
thrombocytopenia from, 1093 
thromboelastogram after, 1206-1214 
and thrombolytie activity of fibronolytie agents, 
1001 
and thrombus growth, 1078 
Hepatic conditions. See Liver 
Hexamethonium, physiological dipsosition of, 694 
r-Hexane poisoning, myocardial tissue changes in, 
1266 
Hexosephosphate, in anaerobic contraction, 488 
Hibernation, 433 
arousal from, 438, 440-443 
body processes during, 436-440 
endocrine glands in, activity reduced in, 435 
events in, summary of, 442 
and food stores, 435 
and lipid, of bat mitochondria, 344 
and longevity, 438 
in mammals, 434-445 
and neoplasms, effect on, 439 
physiologic thermostat in, 443 
preparation for, factors in, 434-436 
and radiation, effect of, 439 
and sleep, 445 
Hill’s equation, 332, 431 
Hill’s law, of muscle efficiency, 415 
Histamine, and capillary permeability, 382 
Histochemical studies, evaluation of, 1108 
Howard test, in hypertension. 1039 
Humid atmosphere, effects of, 1003 
Hunter ligation, in popliteal aneurysm, 26 
Hydralazine, intravenous, renal responses to, 1024 
Hydrochlorothiazide 
in edema, 1268 
in hypertension, 1073 
salt depletion from, 788-795 
sodium intake affecting, 879 
Hydrocortisone 
and arteriovenous shunts, 1012 
in hypercholesterolemia, 1098 
Hydroflumethiazide, hypotensive action of, 1266 
17-Hydroxycorticoids 
in coronary artery disease, 141 
plasma levels, and blood pressure, 311 
5-Hydroxyindole excretion, in coronary artery dis 
ease, 141 
Hyperemia, reactive, effects of, 898 
Hypertension, 1264-1266 
aldosterone antagonist in, 1073 
and aldosterone excretion, 592-597 
alpha methyl dopa in, 880, 892 
anatomical basis of, 985 
angiotensin II degradation in, 1074 
antihypertensive drugs in, 311, 1045 
baseline for, 945 
antihypertensive mechanisms of salt depletion, 
788-795 
benzothiadiazines in, 963, 1073 
bretylium tosylate in, 1265 
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catechol excretion in pheochromocytoma, 308 
and cerebrovascular accidents, 978 
diagnostic studies, 1039 
elastase inhibitor in, 857 
electrocardiography in, 887 
employment in, 1101 
essential, 310 
eardioglobulins in, 533 
serum sodium and potassium in, 29-33 
femoral vascular resistance in, 994 
guanethidine in, 1265 
hyperparathyroidism with, 1033 
hyperuricemia with, 972 
lipid metabolism in, 311 
malignant, and aldosterone secretion, 309 
mebutamate in, 956 
norepinephrine, hypertensive effect of, 1064 
orthostatic 
in diabetes, and pressor responses to norepi- 
nephrine, 1051 
supine exercise in, 76-81 
portal, in cirrhosis, 797-806 
protoveratrine in eclampsia, 309 
psychogenic, 1265 
pulmonary 
angiocardiography in, 875 
after bretylium tosylate, 993 
and congenital shunts in adults, 916 
isoproterenol in, 1025 
pulmonary artery stenosis with, 1275 
in tuberculosis, 308 
ventricular septal defect with, 34-40, 890 
renal arteries in, aberrant, 1192-1195 
renal artery occlusive disease with, 1286-1303 
renal biopsy in, 1034 
and renal blood flow, 987 
renal, and ischemia, 309, 918 
renal juxtaglomerular cells in, 902 
renal photosecanning in, 1043 
renal revaseularization for, 310 
and renal vascular disease, unilateral, 949 
renal vascular resistance in, 994 
renography in, radioisotopic, 898 
renovascular, split renal function studies in, 947 
retinal fluorescence in, 83 
right ventricular, 1017 
severe, effects of therapy for, 930 
sodium amobarbital in, 1059 
sodium chloride-lactate solution in, 377 
sodium exeretion in, 950 
spatial area vectors in, 1260 
and stroke, 1264 
thiazide diuretics in, 1197-1204 
tone of small veins in, 899 


Hyperthermia, reactive, in dye-dilution tests, 148 
Hypertonic solutions, vascular effects of, 1272 


win 


Hypertrophy of heart 


aortic coarctation with, 756-757 
biventricular, and increased shunt tolerance, 930 
infantile, 605 
left ventricular 
anomalous venous drainage with, 669 
electrocardiography in, 910, 1022 
glycogen levels in, 312 
mitochondria in, 311 
right bundle-branch in, 692, 1264 
right ventricular 
electrocardiography in, 305, 308 
right bundle branch block with, 1264 
_ ventricular septal, differential diagnosis of, 1071 
Hypoplasia, right ventricular, 1388-1401 


—, 
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Hypotension 
arterial wall response to, 962 
orthostatic, 76-81, 1051 


Hypotensive action 
of diuretics, 309 
of guanethidine, 693 
of hydroflumethiazide, 1266 


Hypothermia 
acidosis during, 1012 
eardiace arrest from, myocardial metabolism after, 
698 
in cerebral ischemia, 891 
coma with, electrocardiography in, 1263 
effects of, 1274 
electron microscopy during cold cardioplegia, 875 
heat exchanger for, 1436 
and hibernation, 434, 444 
in myocardial infaretion, 976 
profound, problems with, 928 
protective effect during anoxia, 1006 
pulmonary circulation after, 941 
pulsus alternans from, 933 
rewarming from, 441 
ventricular fibrillation in, dichloroisoproterenol 
in, 907 
Hysteresis, 432 


I-bands, 328 
and actin, 330 
and mitochondria, in skeletal muscle, 450 
and sarcomere contraction, 338 
shortening, in muscle contraction, 401 
and trophomyosin, 330 


I-segment, 329 
Tliac vein ligation in heart failure, 863 
Impulse-conducting system, 336, 349-367 
India 

atherosclerosis in, 68-75 

“voluntary” eardiae control in, 1319-1325 
Indicator dilution curves. See Dilution curves 


Indocyanine green, and sodium acetrizoate, in whole 
blood, 883 


Infants. See Children 


Infarction, myocardial 
amino nitrogen levels in, 1257 
aneurysm after, 143 
and angina pectoris, 935 
anticoagulant therapy, 143, 895, 945 

cessation of, 1257 
long-term, 908, 1258 
and arrhythmias, 761-775, 922 
ballistocardiography in, 1074 
eardiae rhythm in, 141 
coronary artery anomaly with, 143 
in diabetes, 1093 
diet in, 1100 
dietary-induced, 1085 
after electric shock, 1259 
electrocardiography in, 110-121, 821, 843, 1074 
electrokymography in, 1262 
exercise after, 142 
exercise test in prognosis, 737 
and fatty acids after smoking, 970 
and gastrointestinal hemorrhage, 141 
heparin after, 1256 
hypothermia and extracorporeal cireulation in, 
976 


1462 INDEX 


Infarction (Cont’d) 
impending, 990 
infra-atrial, 1014 


isoenzymes in, 879, 1259 
kinetoeardiography of precordial bulges in, 977 
and left bundle-branch block, 1007, 1260 
nialamide in, 1040 
l-norepinephrine and ouabain after, 911 
and papillary muscle rupture, 892 
peri-infaretion block, 991 
pleuro-pericarditis after, 140 
in pregnancy, 1259 
premenopausal, 902 
and pulmonary edema, 933 
radioisotope scanning in, 1338-1341 
recurrent, 1256, 1257 
revascularization after, 888 
rudimentary anterior, 1260 
serum lipids in, 1257 
serum manganese values in, 954 
short-term prognosis of, 142 
silent, 144 
transitory Q waves in, 1261 
vascular reactivity after, 281-288 
vectoreardiography in, 992 

Frank system, 825-849 

Grishman cube system, 808-823 
in women, 142 
in young subjects, 982 


Infarction, pulmonary 
isoenzymes in, 879 
and staphylococcal infections, 701 


Infrared spectrophotometry, in coronary atheromas, 
1106 


Infundibular stenosis, 232, 250 
atrioventricular canal persistence with, 874 


Inhalation test, in shunt detection, 942 
Inogen, 412 


Inosine 
diphosphate, 391 
triphosphatase, 396 
triphosphate, 391 


Inotropic effects on muscle contraction, 421 
Instruments, early history of, 548, 711, 824 


Insufficiency 
aortic valvular, 179 
surgery in, 914 
cardiac, radioiodine therapy in, 1266 
coronary 
neurogenic origin, 144 
radioiodine in, 1266 
mesenteric vascular, 909 
mitral. See Mitral valve 
pulmonary valve, phonocardiography in, 980 
tricuspid, and eardiae failure, 1042 
valvular, from arrhythmias and stress, 936 
Insulin, and myocardial uptake of fatty acids, 1105 
Iodine, radioactive 
in cardiac and coronary insufficiency, 1266 
localized in myocardial infarction, 1338-1341 
Ions 
and action potential, 501 
distribution of, in muscle fiber, 500 
exchange, cellular, 500 
movement of, and intercalated disc, 537 


Iproniazid, in angina, 741 


[Infaretion—Kymographie studies] 


Ischemia 
cerebral. See Cerebral ischemia 
renal, and hypertension, 918 
ventricular contraction in, 968 
Ischemic heart disease 
apex cardiogram in, 884 
electrocardiography in, 305, 991 
serum lipid levels in, 894 
d-thyroxin affecting, 1046 
Isoenzymes, in myocardial and pulmonary infare- 
tion, 879, 1259 
Isoproterenol 
and contractile force of heart, 694 
effects on pulmonary vascular resistance, 1025 
in heart failure, 863 


Israel, coronary artery disease in, 896 


J 


Jugular vein, porto-spleno-inferocaval external jug- 
ular venous reflux, 1270 


K 


Kanamycin, affecting serum cholesterol, 578-590, 731 


17-Ketosteroid excretion, in coronary artery disease, 
141, 902 
Keith-Flack node, 349 
Kibbuzim, coronary artery disease in, 896 
Kidney 
antibody in nephritis, 1024 
biopsy in hypertension, 1034 
blood flow measurements, 937 
cholesterol turnover rate, 1089 
circulation in left-to-right shunts, 1017 
in congenital heart disease, 901 
edema in renal disease, 1059 
enlargement after hematoporphyrin injections, 
1082 
extraction of fatty acids, 986 
failure, SC-7525 in, 1066 
glomerular alterations in congenital heart disease, 
139 
glomerular capillaries, fenestrated endothelium 
of, 378-382 
glomerulonephritis, 1012 
eryptogenic chronic, 972 
hemodynamie effects of hydralazine, 1024 
intrarenal infusion of angiotensin, 917 
ischemia hypertension, 309, 918 
juxtaglomerular cells in hypertension, 902 
photoseanning in hypertension, 1043 
pyelonephritis in pregnancy, 933 
renography in hypertension, 898, 1039 
revascularization for hypertension, 310 
secretion of renal pressor substances, 990 
site of action of mercurial diuretics, 892 
sodium loss and hyperaldosteronuria, 592-597 
split renal function studies in hypertension, 947 
unilateral vascular disease and hypertension, 949 
vascular resistance in hypertension, 994 


Kinetocardiography of precordial bulges in myocar- 
dial infarction, 977 


Korotkov’s sounds, 700 


Krypton, radioactive 
measuring cerebral blood flow, 305 
in pulmonary emphysema, 1275 


Kymographic phase analysis studies, 143. 
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[Lactate—Menstruation] 


L 
Lactate 
in anaerobie contraction, 488 
in muscular dystrophy, 1352 


Lactic acid, 412 
cardiae production of, 425 
and contraction, 324, 325 
of heart, in failure, 486 


Lanatoside-C 
intravenous, cardiodynamie response to, 945 
and myocardial oxygen consumption, 910 


Lead intoxication, electrocardiogram in, in children, 
1044 


Lewis law, of cardiac muscle, 462 
Lidocaine, in ventricular arrhythmias, 1270 


Ligation 
of carotid and vertebral arteries, 897 
of iliae veins, in heart failure, 863 


Light, polarized, and fibrils in embryo-tissue. culture, 
450 


Lipase 
chylomicron, 1093 
clearing factor activity, serum inhibitors of, 1092 
lipoprotein, after heparin, 87-93 


Lipemia 
clearing action of heparin, 87, 125 
and clotting changes, 1002 
nicotinie acid in hyperlipemia, 1042 


Lipemic clearing action of anticoagulants, 857 


Lipids 
blood 
and cholesterol control, 1050 
in Trappist monks, 857 
triparanol affecting, 1107 
variations in, 858 
erythrocyte, 1051 
hepatic, and reticuloendothelial stimulation, 1088 
hyperlipemia, 213-221 
and adipokinesis, 1092 
fat absorption in, 882 
and hypercholesteremia, serum protein in, 1091 
nicotinie acid in, 1042 
metabolism in hypertension, 311 
in mitochondria of bat, 344 
plasma, 1051 
in pheochromocytoma, 905 
and reticuloendothelial stimulation, 1088 
serum 
in baboon, 1083 
in cerebrovascular disease, 955 
in diabetic Yemenite Jews, 895 
dietary cholesterol affecting, 1088 
drugs affecting, 927 
and essential hypertriglyceridemia, 1091 
estrogens affecting, 989, 1087 
in ischemic heart disease, 894 
localization of anomalies in coronary artery 
disease, 1087 
in mental stress, 900 
in myocardial infarction, 1257 
thyroxine affecting, 164-170, 1103 
triparanol affecting, 1085 
source of, in thrombi and atherosclerotic plaques, 
902 


Lipogenesis, aberrant, of conduction tissue, 464 
Lipogenic activity of dietary triglycerides, 1100 
Lipophages, 902 
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Lipoproteins 
electrophoretic mobility of, heparin affecting, 
1094 
formation by isolated perfused liver, 1101 
lipase, plasma, after heparin, 87-93 
serum 
in coronary artery atherosclerosis, 1066 
parameters in newborn, 1103 
variant of, 1103 
uptake by atheromatous plaques, 1096 
Liver 
cholesterol synthesis, reduction in, 1099 
lipoprotein formation by, 1101 
pitressin affecting splanchnic circulation, 797-806 
portal hyperténsion in cirrhosis, 797-806 
portal vein occlusion, myocardial necrosis in, 700 
porto-spleno-inferoecaval external jugular venous 
reflux, 1270 
reticuloendothelial stimulation and hepatic lipids, 
1088 
vitamin K affecting function, 696 
Lizard, 338 
Lungs. See Pulmonary conditions 
Lymph, abdominal, in endotoxin shock, 876 
Lymph flow, cardiac, impairment of, effects of, 998 
Lymphatics, pulmonary, and pulmonary edema, 1060 
Lymphocytes, in postoperative syndrome, 1070 
L-Lysine monohydrochloride, diuretics with, 1269 


Lysolecithin, effect on hypodynamie heart, 5 


20 
am 


M 


Macrophage, in atherosclerosis, 1106 
Magnesium, oral, and cholesterol levels, 953 
Malic dehydrogenase, in muscular dystrophy, 1352 
Manganese, serum value in myocardial damage, 954 
Marfan syndrome, 1154-1162 
and aortic stenosis, supravalvular, 1314-1316 
pectus excavatum in, 1148 
Mayer waves, 971 
Mebutamate, in hypertension, 956 
Mediastinum 
eollagenosis, 951 
exploration, angiography with, 1434 
Megakaryocytes, pulmonary, and coagulation, 1038 


Membrane 

basement 
barrier to glomerular filtration, 380 
of capillary wall, 369, 370, 374, 376, 378 
and common bundle, 388 
of cremaster and glomerular capillaries, 383 
as filter, in muscle capillaries, 382 
glomerular capillary ferritin in, 378 
mucopolysaccharide composition of, 383 
pores in, 386 
and sarcolemma, 387 

cell, ion exchange through, 500 

depolarization, and contraction, calcium as link, 

518 

excitation of, 499-505 

and interealated dise, 462 

nerve, conductance in, 502 

nuclear, steer, 364 

plasma, around myocardial fiber cells, 352, 462 

pores, 327, 386 

resistance, and action potential, 501 

Menstruation, anticoagulant therapy in, 135 
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Mental retardation, in aortic stenosis, supravalvu- 
lar, 1311-1317 
Mental stress, serum lipoproteins in, 900 
Mephentermine, actions of, 881 
MER-29. See Triparanol 
Mercuric sulfide, as marker, in eapillary permeabil- 
ity studies, 382 
Mesenteric vascular conditions 
artery, in retrograde perfusion of aorta, 900 
insufficiency, 909 
roentgenography of, 1435 
Metabolism 
anaerobie, and contraction, 488 
earbohydrate, digitoxin affecting, 693 
eardiae 
after cardiae arrest, 698 
in hemorrhagie shock, epinephrine affecting, 
699 
effects on circulation, 1266-1267 
glycogen levels in cardiae hypertrophy, 312 
in hiberration, 435, 436, 437 
arousal from, 442 
endogenous depressant of, 445 
in hypothermia, 436 
lesions of coronary heart disease, 899 
lipid, in hypertension, 311 
myoeardial, in muscular dystrophy, 1348-1354 
oxidative, 418, 420-422 
pathways of, and heat, 429 
and phosphorylation, 416 
Metaramino, in shock, 1068 


Metastatic disease, atrioventricular block from, 
657-661 
S*-Methionine, and proteins, 486, 496 
Methoxamine 
and contractile foree of heart, 694 
in paroxysmal supraventricular tachycardia, 1077 
response to, 923 
a-Methyl dopa, effects of, 940, 1072 
Mevalonic acid injections, effects of, 1083 
Michigan, electrocardiographie survey in, 891 
Microscopy 
electron. See Electron microscopy 
interference, 330 
light 
of common bundle, 350 
resolution limits, 326 
phase-contrast, of cells in embryo-tissue culture, 
450 
Microvascular system, dynamic absorption curves 
of, 889 
Mitochondria 
atrial, 345 
bat, 341, 343 
of eapillary endothelial cells, 370 
in eardiae glycoside poisoning, 421 
in ecardiae hypertrophy, 311 
eardiae and skeletal muscle, 333, 385 
in ecll, in embrvo-tissue culture, 449 
of common bundle, 351 
and contraction regulation, 487 
and eross-striations, 450 
and energy requirements, 385 
in heart failure, and phosphorylation, 496 
and oxidative phosphorylation, 423 
Mitral valve 
annuloplasty, changes after, 877 
commissurotumy 
emboli after, 263-266, 926 





[Mental retardation—Muscles] 


late effects of, 919 
new safety measures, 873 
in patients aged 50 years or over, 1057 
function of, 911 
insufficiency 
blood volume measurements in, 720-727 
phonocardiography and auscultation in, 1014 
stenosis with, 969 
surgery in, 971 
open heart surgery, 953 
prosthesis, 946, 1029 
pulmonary blood volume in, 1008 
pulmonary vascular resistance in, 1035 
recurrent postoperative disease, 952 
regurgitation 
differentiation from stenosis, 948 
measurements, 720-727 
surgery for, 1005 
stenosis 
acetylcholine in, 1164-1171 
auscultation and phonocardiography after 
surgery, 10338 
eardiopulmonary bypass in surgery, 901 
circulatory reflexes in, 80 ? 
differentiation from regurgitation, 948 
exercise chest x-ravs in, 949 
hemodynamic patterns in, 712-719 
insufficieney with, 969 
intravenous lanatoside-C in, 945 
left ventricular angiocardiography in, 1431 
mephentermine in, 881 
open vs. closed surgery, 1001 
opening snap in, 697 
and regurgitation, surgery for, 1005 
surgery in, 975 
third heart sound in disease, 1033 
Molar sodium lactate, in quinidine intoxication, 1269 
Monoamine oxidase inhibitor 
in angina pectoris, 959 
new type of effect of, 1040 


Monckeberg arteriosclerosis, after hematoporphyrin 
injections, 1082 


Monks, atherosclerosis in, 857, 881 


Mortality from cardiovascular disease, 1005 
sudden death in coronary atherosclerosis, 1047 


Mucopolysaccharides 
composition of basement membrane, 383 
sulfated, and thromboplastin generation, 1091 
Murmurs, cardiac, 642 
in congenital cardiovascular lesions, 999 
in coronary artery fistula, 173 
disappearing, in patent ductus arteriosus, 
1235-1237 
late systolic, 1033 
in pectus excavatum, 1019 
respiration affecting, 980 
Muscle 
calcium movement in, 518-522 
cell culture of, 447 
cells of, common-bundle, 350 
contractile, as impulse-conducting system, 349 
contractile force. See Contractile force 
contraction. See Contraction 
ericothyroid, bat, and supersonic sound, 341 
dystrophy 
heart in, 1013 
myocardial metabolism in, 1052, 1348-1354 
fibers, calcium influx, 521 
filaments 
atrial, 345 
and contraction, 401, 430 
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[Musele—Neomycin] 


in shortening and stretch, 330 
heart. See Myocardium 
inotropic changes in, 431 
intrafibrillar spaces, 336 
memory, in shortening, 432 
models, shortening and tension in, 483 
moving, rate-limiting factors, 402 
physiology of, and contraction theories, 399-409 
proteins, ATPases of, 390-398 
relaxation, 411 
sareoplasmie reticulum of, 336-348 
shortening, and ecross-bridges, 331 
skeletal 
and chronie stretch, 494 
eontractile structure of, 328-335 
fast-acting, and sarcoplasmic reticulum, 338-341 
striated, sliding-filament model, 328, 331 
tubules, membrane-bounded, 336 
ventricular 
impulse conduction in, 365 
junction with Purkinje fibers, 515 
velocity of conduction in, 510 
work, and phosphorylereatine, 412-415 


Mycifradin sulfate, affecting serum cholesterol, 
578-590 


Mycostatin, effects on serum cholseterol, 733 


Myelography, in neurogenic coronary insufficiency, 
144 


Myocarditis, Chagas, atrioventricular communiea- 
tions in, 41-49 


Myocardium 
aneurysm 
eardiae systole in, 1263 
earotid pulse in, 1263 
postinfarction, resection of, 983 
simulation of, 989 
blood flow measurements, 885, 967, 1272 
eapillary walls in, morphology of, 370 
contractile structure, 328-335 
contractility 
and afterload, 981 
in extrasystoles, 894 
contractions, acidosis affecting, 1058 
electrodes in atrioventricular block, 1272 
electron microscopy, in cold cardioplegia, 875 
as engine, biologie, 324 
enzymes of, 463-465 
extracted, and intact heart muscle, reactions of, 
483 
and fatty acids, 941, 1025, 1105 
glucose utilization, 946 
glycogen content of, digitoxin affecting, 693 
glycogen phosphorylase activity, 694 
ve storage disease, and subaortic stenosis, 
24 
high energy phosphates in, 417 
hyperemia persistence after exercise, 1003 
infarction. See Infarction, myocardial 
isometric length-tension curve, 334 
metabolism, 389 
anaerobic, 1039, 1063 
after cardiac arrest, 698 
hormonal regulation of, 1019 
in muscular dystrophy, 1052, 1348-1354 
oxidative, strophanthin G affecting, 1267 
S*-methionine uptake in, 486 
morphogenesis of, 446 
necrosis in portal vein occlusion, 700 
needle biopsy of, 1267 
not true synetium, 491 
oxygen consumption 
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ealeium and laratoside-C in, 910 
after exercise, 1003 
oxygen supply, and electroeardiography in 
anoxemia, 1273 
oxygen tension, coronary artery catheterization 
affecting, 1032 
and pacemaker function, 466 
physiologic differentiation, 465 
plasticity, calcium affecting, 1272 
power, 1022 
revascularization operations, 145, 146, 1009 
rupture of, 142 
sareoplasmie reticulum, 342-345 
structure of, fine, 328 
systolie ejection time in disease, 954, 1263 
tissue changes with rigor mortis, 1266 
velocity of conduction in, 465 


Myofibrils 


adenosine triphosphatase, in heart failure, 876 
of cells, common-bundle, 352 

contraction of, calcium and, 538 

properties of, functional, 460 

skeletal, C’-glycine in, 496 

types of, 460 


Myogenesis, in vitro, 447-457 
Myosin 


and A-bands, 330 
and actin, 396, 471 
amino acid of, 473, 478 
and ATP, 392, 471 
and ATPase, 476 
and actin polymerization, 396 
displacement hypothesis, 393, 395 
and electrolytes, 393 
solubility of, 393 
and sulfhydryl groups, 394 
and ealcium influx, in contraction, 527 
characterization of, 472 
and contraction, 324 
and digitalis, 493 
from failing and normal hearts 
ATPase activity of, 476 
diffusion contents of, 475, 480 
sedimentation of, 474, 480 
viscosity of, 475, 480 
weight of, 475, 478, 480 
filaments 
and calcium influx, in contraction, 528 
in chronic stretch, 493 
thick, 329, 528 
in heart failure, 474-480, 494, 862 
physical constants of, 474 
polymerization of, from chronic stretch, 478 
post mortem studies, 495 
weight of, 393, 478, 494, 495, 539 


Myosin C, weight of, 478 
Myosin F, weight of, 478 
Myotis lucifugus, 343 


N 


Naphazoline, and contractile force of heart, 694 
Natori preparation of muscle fiber, 538 
Neamine, affecting serum cholesterol, 578-590 
Necrosis 


and electrocardiography in myocardial infarction, 
110-121 
myocardial, in portal vein occlusion, 700 


Neomycin, affecting serum cholesterol, 578-590, 


729-735, 1102 













1466 INDEX 


Neoplasms, hibernation effect on, 439 
Nephritic conditions. See Kidney 
Nerves 
pericoronary denervation, 127 
terminations in ventricular muscle, 1267 
Nervous impulse, chemical transmission of, 190 
Nervous system 
autonomic 
and response to exercise, 967 
and serum cholesterol variability, 1097 
central, in hibernation, arousal from, 442 
in hibernation, 443 
sympathetic 
blockade, and cardiae output in hyperthy- 
roidism, 916 
norepinephrine affecting, 697 
Neurogenic coronary insufficiency, 144 
Neuropathy, diabetic, and pressor responses to 
norepinephrine, 1051 
Nialamide, as antithrombotic drug, 1040 
Nicotine, effects on cardiovascular tissue, 1096 
Nicotinic acid 
in atherosclerosis, 1243 
and cholesterol biosynthesis, 1099 
effects on serum lipids, 927 
in hypercholesteremia, 1082 
in hyperlipemia, 1042 
Nitrate 
and calcium influx, 519 
and contraction, 518 
Nitrite sodium, effects on coronary vascular 
resistance, 936 
Nitrogen levels, in myocardial infarction, 1257 
Nitrogen mustard 
in cell culture, 491 
DNA synthesis inhibition by, and nuclear 
replication, 454 
in embryo-tissue culture, 456 
and nuclei, 456 
Nitroglycerin 
effects on atrial contraction, 884 
effects on coronary vascular resistance, 936 
effects on stroke volume, 1271 
vascular reactivity after, 285 
Nomogram for anticoagulant therapy, 650-656 
Norepinephrine. See Epinephrine and norepinephrine 
Norethynodrel and ethynylestradiol 3-methyl ether, 
serum lipid effects of, 1087 
Nuclei 
replication, 453 
syncytial, 452 
Nucleotides, adenine, in heart, 417 
Nuns, cardiovascular findings in, 1179 
Nutrition. See Diet 


O 
Obesity 
blood flow in, 876 
electrocardiography in, 887 
fatty acids of adipose tissue, 1102 
respiratory mechanics in, 1038 
Occlusion 
of aorta, 959 
arterial, serum enzyme levels after, 987 
of carotid artery, internal, 1305-1310 
coronary. See Coronary arteries 
portal vein, myoeardial necrasis in, 700 


[Neoplasms—Pacemaker] 


pulmonary artery, 951 
pulmonary vascular, and ventricular septal 
defects in children, 1067 

renal artery, and hypertension, 1286-1303 

venous, gangrene with, 549-555 
Oleic acid absorption, in heart failure, 140 
Ophthalmic artery, pressure measurements of, 1305 
Opsanus tau, 339 


Ouabain 
and aldosterone secretion, 915 
concealed ventricular automaticity after, 1061 
and contractile force of heart, 694, 957 
and efficiency, mechanical, 425 
in heart failure, 423 
after myocardial infarction, 911 


Owren thrombotest, 131 


Oxidative metabolism, myocardial, strophanthin G 
affecting, 1267 
Oxidative phosphorylation. See Phosphorylation 
Oxygen 
anoxemia 
ballistocardiogram in, 1013 
electrocardiography in, 1273 
anoxia 
myocardial, 419, 488 
protective effect of hypothermia during, 1006 
blood saturation in mitral stenosis, 1164-1171 
cerebrospinal fluid, hypothermia affecting, 1274 
consumption 
activity, determination of, 424 
in hibernation, 436, 441 
and high energy phosphates, 425-427, 430 
myocardial, 910, 1003 
and salicylate ingestion, 975 
tension, determination of, 424 
coronary supply, and flow rate, 1271 
extracorporeal oxygenation, without pump, 1017 
hypoxemia in heart failure, 1151-1153 
hypoxia 
myocardial anaerobic metabolism in, 1063 
myocardial uptake of fatty acids in, 1105 
phonocardiography in, 1260 
and weakening of ventricular contraction in 
ischemia, 968 
therapy 
COz intoxication with, 937 
in edema with cor pulmonale, 139 


Oxyhemoglobin dissociation curve, and acidosis in 
hypothermia, 1012 


, 


Pacemaker 
artificial 
electronic autopacing, 952 
hazards of, 161-163 
induction, 958 
new implantable, 967 
responses to, in heart block, 928 
in Stokes-Adams disease, 1078 
subcutaneously implantable, 903 
ectopic, exit block of, 1014 
in myocardial cells in culture, 492 
sino-atrial node, 349, 466, 468 
and A-V node, 349, 360 
cells, structure of, 358 
electrical activity of, 506 
electrical alternans in, 973 
heart tissues and, 466 
impulse conduction in, 365 
intercalated disc, 359 
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[Pacemaker—Plasma ] 


microscopy of, 353-360 

in myocardial infaretion, 768-769 
pathology of, 313 

structure of, 353 

and ventricle, embryonic, 492 


Pain 
in intermediate coronary syndrome, 560-563 
pericardial, treatment of, 607-612 


Palpation of cardiac apex impulse, in ventricular 
hypertrophy, 960 


Pancreas, cystic fibrosis of, cor pulmonale with, 942 


Papaverine, effects on coronary vascular resistance, 
936 


Papillary muscle rupture, in myocardial infarction, 
892 


Para-aminosalicylic acid, affecting serum cholesterol, 
578-590 


Parachlormercuribenzoate, myosin inhibition by, 394 


Parathyroid disorders, arteriosclerosis and hyper- 
tension with, 1033 


Partilla and Slapak leads in electrocardiography, 307 


Pectus excavatum, 1143-1149 
thrills and murmurs in, 1019 


Pediatrics. See Children 


Penicillin 
effects on serum cholesterol, 733 
in patients allergic to penicillin, 1055 


Pentobarbital, and muscle contraction, 421 

Peptic ulcer, aspirin affecting, 615 

Percussion, historical beginnings of, 1-4, 28-33, 40, 
50, 57, 67, 81, 86, 93, 109, 122, 138 


Perfusions, hemodilution, for open heart surgery, 919 


Pericardiectomy 
epicardio-fibrous for myocardial revascularization, 
1009 
right heart pressure after, 1020 


Pericarditis 
calcific, 932 
pericardiectomy for, 1020 
after coronary episodes, 1257 
epicarditis after, 1072 
after myocardial infarction, 140 
pain of, treatment for, 607-612 
pleuropericarditis 
after myocardial infaretion, 140 
postoperative, 976, 994 
surgery in, 308, 1020 


Pericardium 
chronic disease, surgery in, 1076 
after coronary occulsion, 914 
effusion in scleroderma, angioeardiography in, 
1049 
malignant tumors of, 1056 
tamponade, 700 
pulsus paradoxus in, 943 


Peripheral arteries 
embolism, 1075 
structure of, mechanical factors in, 697 


Peripheral circulation 
blood viscosity in, 1069 
failure, and shock, 554-555 
physiology of, 871-872 


Peripheral resistance 
computer technic for monitoring, 1047 
after coronary artery constriction, 1036 
and pressure gradients, 1052 ee, 
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Peripheral vascular disease, triparanol and warfarin 
in, 1023 


Perognathus, 435 

Peruvoside, effects of, 1269 
Phagocytosis of platelets, 90? 
Phenindione therapy, 128 


Phenoxybenzamine, and contractile force of heart, 
694 


Phenylbutazone, and phosphate decrease in heart, 
420 
Pheochromocytoma 
eatechol excretion in, 308 
plasma lipid levels in, 905 
shock after excision of, 995 
Pheonprocoumon therapy, 128 
Phlegmasia cerulea dolens, 554-555 


Phonocardiography 
apex cardiogram with, 307 
in congenital heart disease, 984 
in Ebstein malformation, 895 
during breathing of oxygen-poor mixture, 1260 
in mitral insufficiency, 1014 
after open heart surgery for mitral stenosis, 1033 
in pectus excavatum, 1145 
pressure recordings with, 921 
in pulmonie insufficiency, 980 
splitting of second heart sound, 180-184 
in tetralogy of Fallot, 939 
in ventricular septal defects, 861, 968 


Phosphates 

and contraction, 420 

creatine, 417, 496 

and heat, 429 

high energy, 416-428, 430, 496, 531 

inorganic, 417, 1353 

in muscle, atrial and ventricular, 418 

and oxidative metabolism, 418 
Phosphofructokinase, in contraction, anaerobic, 488 
Phosphlipids 

and hypodynamic heart, 531 

metabolism in hypertension, 311 

serum, in coronary artery disease, 140-141 
Phosphorylase 

and anoxia, 489, 497 

in fibrillation, 488 

in glycogenolysis in skeletal muscle, 488 

myocardial, 694 

in tachycardia, ventricular, 488 
Phosphorylation, oxidative 

mitochondria and, 423 

in muscular dystrophy, 1353 

in myocardial tissue, 1266 


Phosphorylcreatine, as energy source, 412-415 
Photography, retinal, fluorescence in, 82-86 
Photoscanning of kidney in hypertension, 1043 
Pigeon, atherosclerosis in, 1087, 1097 
Pinocytosis, and transport mechanism, 386 


Pitressin 
effect on splanchnic circulation, 797-806 
hyponatremia from, 191-202 


Pituitary fraction H, and plasma free fatty acid, 
1095 


Plasma 
cardiac active principles in, 530-536 
eardioglobulins of, 532 
cephalins, diet affecting, 1007 
and contraction, 530 
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Plasma (Cont’d) 
fatty acids in, origin and fate of, 1095 
heparin 
inhibitors of clearing factor lipase activity, 1092 
lipoprotein lipase after, 87-93 
releasing enzymes into, 1041 
and thromboplastin generation, 1091 
17-hydroxycorticosteroid levels, and blood 
pressure, $11 
and interstitial-fluid exchange, 368 
isoenzymes, in myocardial and pulmonary infare- 
tion, 879 
lipids, 1051 
in corneal connective tissue, 1107 
fatty acids of, 1102 
in pheochromocytoma, 905 
and reticuloendothelial stimulation, 1088 
volume 
re-expansion, effects of, 791 
thiazide diuretics affecting, 1197-1204 
Plastic models, as extracorporeal shunts, 1089 
Plastic sponge, in arterial transplants, 936 
Platelets 
phagocytosis of, 902 
survival, and dietary fat, 1098 
Plethysmography, digital, 898, 899, 908 
Pleural pressures and body position, 1053 
Pleuropericardial adhesions, cinefluorography of, 855 


Pleuro-pericarditis 
after myocardial infarction, 140 
postoperative, 976, 994 
Polycythemia, in anomalous venous drainage into 
atrium, 675 


Polymer melting process, of contraction, 405, 430, 432 
Polymerization in A-band, and chronie stretch, 494 


Popliteal artery 
aneurysm of, 270-273 
arteriosclerotic, 23-28 
graft, late occlusion of, 1436 


Pores 
in capillary permeability, 369 
in membrane, basement, 386 
Portal conditions. See Liver 


Posture 

and blood volume changes, 925 

effect on added heart sounds, 1022 

effect on cardiac output, 943 

effect on circulation, 127 

effect on splitting of second heart sound, 1270 

effect on stroke volume, 1270, 1274 

effect on ventilatory-pulmonary vascular mechan- 
ics, 1053 

orthostatic hypotension, 76-81 

diabetes with, and pressor responses to nor- 

epinephrine, 1051 

and plasma 17-hydroxycorticosteroid levels, 311 


Potassium 
and ealcium influx, 520 
chloride, in quinidine intoxication, 1269 
citrate, cardiac arrest from, myocardial metabo- 
lism after, 698 
and contraction, 420, 518, 520, 523 
and depolarization, 520, 523 
digitalis antagonism by, 694 
extracellular, and membrane resistance, 504 
levels 
in hypertension, essential, 29-33 
in severe heart disease, 749 
thiazide diuretics affecting, 1198 





metabolism in diuretic therapy, 1054 

and necrotic tissue action, 114 

and ouabain action on contractile tension, 957 
quinidine affecting exchange, 1268 

salts, oral, effect on T waves, 1065 

sodium exchange, and energy, 412 


Potentiometric electrode, in left-to-right shunts, 924 
Potts vs. Blalock operation 965 

Precordial pulsatory motions, and hemorrhage, 1023 
Pregnancy 


and congenital heart disease, 1003, 1075 
electrocardiography in, 1069 
epinephrine action on circulatory system, 965 
fetal electrocardiography, 305 
myocardial infaretion in, 1259 
protoveratrine in eclampsia, 309 
unsuspected pyelonephritis in, 933 
Premature infants, electrocardiography of, 1069 
Pressor amines, effects on dilution curves, 1055 
Pressor test, cold, 912, 964 
Pressure 
atrial, 267-269 
left, 633-641 
in mitral stenosis, 712-719 
right, 306 
in tricuspid regurgitation, 1026 
in bilateral stenosis of pulmonary arteries, 875 
breathing 
negative, venous obstruction from, 1010 
positive, and cardiac output in pulmonary 
disease, 701 
earotid artery, 1306 
hydrostatic and osmotic, in fluid exchange, 369 
ophthalmie artery, 1305 
and peripheral resistance, 1052 
pulmonary, in mitral stenosis, 712-719 
simultaneous recordings, 921 
suit, effects of, 1060 
ventricular, 267-269 
first derivative of, 941 
left, 633-641 
right, 306 
Procaine amide, and ventricular fibrillation, 1004 


Prosthesis 
aortie valve, 969, 994, 1002, 1029 
artificial heart, 974 
mitral, 946, 1029 
new valve designs, 1029 
for outflow tract of right ventricle, 964 


Protamine sulfate, as antidote to heparin, 127 


Protein 
dietary, and atherosclerosis, 1097 
serum 
and hypercholesteremia hyperlipemia, 1091 
in rheumatic fever, 886 
synthesis, 486, 487 
Proteinuria, asymptomatic, 972 
Prothrombin 
aspirin affecting time, 613 
depressing agents, 1206-1214 
hypoprothrombinemia 
and pericarditis, 932 
vitamin K affecting, 696 
one-stage prothrombin time, 1422-1428 
tests, 131-134 
Prothrombinopenic drugs, 127-131 
Protoveratrine 
in eclampsia, 809 
pressor response to, 791 


[Plasma—Protoveratrinc] 
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[Pseudocoarctation—Quinadine] 


Pseudocoarctation of aortic arch, and aortic stenosis, 
1049 


Psychogenic hypertension, 1265 
Psychotic patients, myocardial rupture in, 142 
Pteridine diuretic, effects of, 1026 


Pulmonary artery 
agenesis of, unilateral, 861 
anomalies, 662-668 
aortic coarctation and ventricular septal defect 
with, 1364-1365 
aorta anastomosis to, 1031 
and aortie anomalous communications, 860 
atherosclerotic, in India, 68-75 
constriction, in ventricular septal defect in 
infancy, 34-40 
contrast media injection into, 1030 
coronary artery communication with, 171-177, 1050 
and left atrial communication, 1409-1414 
left coronary artery arising from, 1050 
occlusion, 951 
perfused wedge segments, 1053 
pulsations, cinefluorography of, 1070 
stenosis 
bilateral, 875 
pulmonary hypertension with, 1275 
transportation. See Transportation of great vessels 


Pulmonary conditions 
arteriovenous fistulu, 669, 1409-1414 
blood flow 
krypton in estimation of, 1045 
regional, 617-624 
blood volume, 930, 969 
exercise affecting, 981 
in mitral valve disease, 1008 
circulation 
angiotensin affecting, 1326-1336 
in aortie coarctation, 754-759 
blood volume measurements, 904 
collateral, 677-688 
hypothermia affecting, 941 
in left-to-right shunts, 1017 
congenital malformations, 932 
cor pulmonale. See Cor pulmonale 
disease, 1275 
acetylcholine infusions in, 904 
edema 
experimental, 1270 
and myocardial infarction, 933 
emphysema. See Emphysema 
hypertension 
angiocardiography in, 875 
and congenital shunts in adults, 916 
infarction 
isoenzymes in, 879 
and staphylococeal infections, 701 
intermittent positive-pressure breathing and 
cardiae output, 701 
lymphatics, and pulmonary edema, 1060 
megakaryocytes, and coagulation, 1038 
overaeration of left lung in patent ductus 
arteriosus, 937 
postoperative function, 1010 
pressure 
arterial, and normovolemie anemia, 984 
capillary, in severe heart disease, 743-753 
in mitral stenosis, 712-719 
resistance, in ventricular septal defect, 1372-1386 
respiration. See Respiration 
thromboembolism, hemodynamie alterations of, 
1011 
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Pulmonary valve 
insufficiency, phonoecardiography in, 980 
stenosis 
atrioventricular canal persistence with, 874 
mild, 952 
pulmonary blood flow in, 619 
after repair of tetralogy of Fallot, 1009. See 
also Fallot tetralogy 
surgery in, 1041 
Pulmonary vasculature 
acetylcholine affecting, 884 
angiograms of, 1431 
constriction, at high altitude, 947 
maturity, influence of, 1020 
norepinephrine affecting, 884 
obstruction in ventricular septal defects of 
childhood, 1067 
reactions to antisera, 892 
resistance 
isoproterenol affecting, 1025 
in mitral valve disease, 1035 
in ventricular septal defect, 1372-1386 
in ventricular decompensation, 185-189 
Pulmonary veins 
drainage anomalies, surgery in, 862 
and left atrial junction, sphincter mechanism in, 
1027 
in rheumatic heart disease, 1434 
Pulsations, cinefluorography of, 855, 1070 
Pulsatory motions, precordial, 1023 
Pulse 
counting, early history of, 711 
contour measurement of cardiac output, 886 
tracings in aortie valve disease, 1260 
“voluntary” control in India, 1319-1325 
Pulsilogon, 548 
Pulsus 
alternans 
drug-induced, 1268 
from myocardial cooling, 933 
paradoxus, in pericardial tamponade, 943 
Pump, as substitution for cardiae function, 976 
Purkinje fibers 
action potential of, 493, 502, 503, 515 
electrical activity of, 506 
electron microscopy of, 954 
in sheep, 352, 361 
velocity of conduction in, 510 
Purkinje tissue 
potentials of, 1262 
spontaneity in, 467 
Puromycin aminonucleoside, rat nephrosis from, 380 
Purpura, thrombocytopenic, after aspirin, 615 
Pyelogram, in hypertension, 1039 
Pyelonephritis, unsuspected, in pregnancy, 933 
Pyridoxine, in atherosclerosis, 1243 
Pyruvate levels, in muscular dystrophy, 1352 


Q 


Quadriplegia, pressure suit effects in, 1060 
Quanta, and fluid transport, 386 
Quick prothrombin time test, 131 


Quinidine 
effects on A-V node action potential, 515 
effects on potassium exchange, 1268 
intoxication from, 1269 
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R 
Radiation 
during hibernation, 439 
sonic, and ATP splitting, 397 


Radioelectrocardiography, in exercise, 884 
Radioisotope scanning, in myocardial infarction, 
1338-1341. See also specific isotopes 


Radiology, 1430-1436 
in aortic stenosis, subvalvular, 1131 
in congenital heart disease, 1434 
in coronary artery fistula, 175 
of coronary veins, 1431 
in dissecting aneurysm of aorta, 1433 
exercise chest x-rays in mitral stenosis, 949 
of heart volume, 1432 
in ischemia of brain, 1430 
in left-heart failure, 985 
in mesenteric vascular disease, 1435 
in pectus excavatum, 1148 
of pulmonary vessels, in ventricular decompen- 
sation, 185-189 
in right ventricular hypoplasia, 1400 
television study of cardiac calcifications, 1407-1408 
in ventricular septal defect, 258 
Radiotelemetry, of heart rate, 963 
Rat 
eapillary walls of, 370 
nephrotic, glomerular capillary wall of, 380 
Norway, as hibernator, 443 


Rebound phenomenon, in anticoagulant therapy, 137, 


1137-1142 
Reciprocal rhythm, 973 
Regurgitation, valvular 
aortic. See Aortic valve 
dilution curves in, 1008, 1055 
mitral. See Mitral valve 
tricuspid, right atrial pressure pulse in, 1026 
Relative motion, 401-403 
Relaxants, muscle, effect on cardiac output, 701 
Relaxing factors system, calcium inhibition of, 
§21, 528 
Renal arteries 
aberrant, in hypertension, 1192-1195 
arteriography, 918 
atherosclerotic, in India, 68-75 
occlusive disease, and hypertension, 1286-1303 
Renal condition. See Kidney 
Renin purification by electrophoresis, 1429 
Renography in hypertension, 898, 1039 
Repolarization, 501, 503 
Research, as community project, 880 
Resection, in popliteal aneurysm, 23-28 
Reserpine 
digitalis with, 925, 1185-1191 
effect on catecholamines, 988 
Resistance 
eore, 462 
peripheral 
computer technic for monitoring, 1047 
after coronary artery constriction, 1036 
and pressure gradients, 1052 
pulmonary 
isoproterenol affecting, 1025 
in mitral valve disease, 1035 
in ventricular septal defect, 1372-1386 
Respiration 
and eardiae murmurs, 980 


[ Radiation—Rupture] 


and cardiac output, 701 

Cheyne-Stokes, circulatory changes of, 1058 

gas exchange ratio in exercise, 1066 

heart rate reflex, 905 

and heating of carotid blood, 701 

in hibernation, 436, 437, 440 

hyperventilation, breath-holding test for, 974 

negative pressure breathing, venous obstruction 
from, 1010 

neonatal distress, 920, 1060 

in obesity, 1038 

positive-pressure breathing, and cardiac output in 
pulmonary disease, 701 

regulation of breathing, in heart failure, 878 

and splitting of second heart sound, 180-184 


Retardation, mental, in agrtie stenosis, supravalvu- 
lar, 1311-1317 


Reticulocytosis, in heart failure, 1151-1153 


Reticuloendothelial stimulation, and cholesterol 
levels, 1088 


Reticulum 
endoplasmic, 337, 370 
sarcoplasmic, 336-348 
sarcotubules, and H-zone, 385 
triad of, 337 


Retina, fluorescence in, 82-86 
Retrograde transmission, from A-V node, 510 


Revascularization 
after myocardial infarction, 888 
operative 
in ischemic heart disease, 145-146 
myocardial, 1009 
renal, for hypertension, 310 
in renal ischemia, 1195 
Rheopiethysmography, digital, 898, 899 
Rheumatic fever, 1429-1430 
and beta hemolytic streptococci, 1430. See also 
Streptococci 
cardiac sequelae of, 931 
control program in Chicago, 1048 
prevention of first attacks, 947, 964, 992 
reactivation of, 931 
residual effects of, 932 
serum proteins in, 886 
streptococcal infections after, 1429 
Rheumatic heart disease, 1430 
fever in, 926 
and heart failure, 1047 
left atrial thrombosis in, 1062 
pulmonary veins in, 1434 
streptococcal prophylaxis, prolonged, 919 
without rheumatic fever, 1006 
Rheumatoid arthritis, heart block in, 1038 
Rhythm, reciprocal, 973 See also Arrhythmia 
Ribonucleic acid, and basophilia of 
multinucleated cells, 449 
Ribonucleoprotein 
absent in sarcoplasmic tubules, 337 
of capillary endothelial cells, 370 
in specific tissue, sheep, 361 
Ribosome, absent in sarcoplasmic tubules, 337 
Rigor mortis, myocardial tissue changes with, 
1266 
Roentgenology. See Radiology 
Ruanda, detection of cardiovascular anomalies 
in, 1435 


Rupture, myocardial, 142 
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[Russian researeh—Spectrophotometry ] 


Russian research on vitamins and 
atherosclerosis, 1239-1246 

Ryanodine muscle contraction, and 
phosphates, 420 


S-region, 353, 360 
Salicylates 
gastrointestinal bleeding from, anticoagulants 
affecting, 613-616 
prothrombinopenie effect of, 136 
Sarcolemma, 338 
and basement membrane, 387 
and Z-band, of bat, 344 
Sarcomere 
bat, 344 
size, 328 
and terminal cisternae, 337 
Sarcoplasm, interfibrillar, atrial, 345 


Sarcosomes, increase in, in cardiae hypertrophy, 
486 


Sarcotubes, rat, 343 
Sarcotubules, reticular, and H-zone, 385 
SC-7525, in renal failure, 1066 


Scanning, radioisotope, in myocardial infarction, 
1338-1341. See also specific isotopes 
Schizokinesis, blood pressure changes in, 1265 
Scientific Sessions, abstracts of lectures, 871-1079 
Second heart sound, 938 
splitting of, 180-184 
posture affecting, 1270 
Senile heart, 926 
Septal defects 
atrial. See Atrium 
small, visualization of, 1030 
ventricular, 228-232. See also Ventricles 
Serotonin 
and capillary permeability, 382 
and contractile force of heart, 694 
release in hemorrhagie shock, 1023 
Serum 
fatty acid levels, ganglionic blockade 
affecting, 697 
glutamic oxalacetie transaminase, in heart 
failure, 140 
inhibitors of heparin clearing factor lipase 
activity, 1092 
lipids. See Lipids 
lipoprotein parameters in newborn, 1103 
phospholipids, in coronary artery disease, 
140-141 
potassium, in hypertension, essential, 29-33 
proteins. See Proteins 
sodium 
in hypertension, essential, 29-33 
hyponatremia, 191-202 
turnover rates after cardiopulmonary 
bypass, 920 
Sheep specific tissue, 349, 360 
Shock 
bacteremic, 1067 
electric, myocardial infarction after, 1259 
endotoxin, 876 
hemorrhagic 
eardiae metabolism in, epinephrine 
affecting, 699 
circulating volume in, 1029 
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digitalization in, 912 

sympathoadrenal response in, 1023 
and peripheral circulatory failure, 554-555 
after pheochromocytoma excision, 995 
serum enzyme elevation in, 1041 
vasopressor drugs in therapy of, 1068 


Shunts 
amyl nitrate affecting, 913 
arteriovenous, and hydrocortisone, 1012 
atrioventricular, constriction of, 898 
congenital, and pulmonary hypertension, 916 
extracorporeal, deposit formation in, 1099 
increased tolerance and biventricular 
hypertrophy, 930 
left-to-right 
dilution curves in, 1055 
inhalation test for, 877, 942 
phonocardiography in, 968 
potentiometric electrode for, 924 
renal and pulmonary circulation in, 1017 
small, visualization of, 1030 
and ventricular septal defect, 944 
right-to-left, ether test for, 1224-1226 
Sicista, 435 
Sino-atrial block, 977 
Sino-atrial node. See Pacemaker 


Sinus rhythm, and nodal tachyeardia with 
block, 14 


Slapak and Partilla leads in 
electrocardiography, 307 


Sleep, and hibernation, 445 


Smoking 
cigarette smoke condensate, effects of, 1096 
and coronary heart disease, 921 
and fatty acids in myocardial infarction, 970 
vascular responses to, 698 

Snap, opening, in mitral stenosis, 697 


Sodium 
blood, measurement by glass electrode, 1052 
and calcium antagonism, 523 
depletion, antihypertensive mechanisms of, 
788-795 
high body sodium, persistence of, 626-632 
hyponatremia, genesis of, 191-202 
intake of, and effects of hydrochlorothiazide, 
879 
lactate 
in hypertension, 311 
in quinidine intoxication, 1269 
metabolic balance in severe heart disease, 749 
permeability inerease during action 
potential, 501 
radioactive, measuring myocardial blood 
flow, 885 
renal wasting, and hyperaldosteronuria, 592-597 
retention in heart failure, and inotropic 
agents, 493 
serum, in hypertension, essential, 29-33 
thiazide diuretics affecting levels, 1198 
Somatotrophic hormone, cardiae glycogen 
after, 312 
Space flight, effects of, 700 
Specific tissue 
cell borders, and enzymes, 365 
sheep, 349, 360, 361 
steer, 361 
Spectrophotometry, infrared, in coronary 
atheromas, 1106 
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Sphingomyelin, and specific-tissue cell 
conductivity, 366 
Spironolactone 
in edema, 1268 
in hypertension, 1073 


Splanchnic circulation, pitressin affecting, 797-806 


Spleen 
absence of, cardiac disease with, 1004 
porto-spleno-inferoecaval external jugular 
venous reflux, 1270 


Splenomegaly, in postoperative syndrome, 1070 
Staircase phenomenon, 324 


Standstill, ventricular, in rheumatoid 
arthritis, 1038 


Staphylococcal infections, and pulmonary 
infarcts, 701 


Starling’s law, 324, 633-641 
in heart of closed-chest dog, 1064 


Steer heart, imvulse-conducting system in, 
349-367 


Stellate ganglion block, in pericardial pain, 
607-612 


Stenosis 
aortic. See Aortic valve 
infundibular, 232, 250 
atrioventricular canal persistence with, 874 
mitral. See Mitral valve 
pulmonary artery 
bilateral, 875 
pulmonary hypertension with, 1275 
pulmonary valve. See Pulmonary valve 


Steroids 
feeal, after mevalonic acid injections, 1083 
hydroxylation by adrenocortical microsomes, 
909 
and hypodynamic heart, 531 
urinary excretion in coronary artery 
disease, 141 


Sterols, fecal, dietary cholesterol effecting, 
1088 


Stokes-Adams disease, electric pacemakers 
in, 1078 


Streptococci 
antistreptolysin-O titer determinations, 1430 
beta hemolytic 
direct plating and mail-in methods for, 
978 
fluorescent-antibody technic in identification, 
964 
incidence of, 971 
cell walls of, chemical composition of, 1043 
community control program, 998 
infections after rheumatic fever, 1429 
prolonged prophylaxis and rheumatic heart 
disease, 919 


Streptomycin, effects on serum cholesterol, 
732, 733 
Stress 
emotional, and coronary heart disease, 1027 
and left ventricular volume, 1030 
mental, serum lipoproteins in, 900 
and valvular insufficiency, 936 


Stroke volume 
and eardiae output, 1275 
exercise affecting, 1274 
nitroglycerine affecting, 1271 
position affecting, 1270, 1274 
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Strophanthin 
and cardiac oxidative metabolism, 1267 
vascular reactivity after, 285 

SU 5864. See Guanethidine 


Succinic dehydrogenase, of conduction tissue, 
464 


Sulfate, incorporation into aorta, 957 
Sulfhydryl, and myosin ATPase, 394 
Supernormality, and cardiae excitability, 516 
Superprecipitation, 487 


Surgery, 1436 
Acid Citrate Dextrose Formula B blood 
in, 1062 
in angina pectoris, syphilitic, 143 
and anticoagulant therapy, 134-135 
in aortic aneurysms, 290-302, 1054 
in aortic coarctation, 873 
in aortic insufficiency, 914 
in aortic stenosis, 982 
subvalvular, 739-742 
in aortie valve lesions, 900 
aortic valve prosthesis, 969, 994 
atrial appendages, use of, 958 
in atrial septal defect 
arrhythmia after, 1015 
risk quotient rate in, 903 
Blalock vs. Potts operation, 965 
in carotid artery occlusion, 1305-1310 
eardiae function after, 1010 
cardiopulmonary bypass in. See Bypass 
earotid artery ligation, 897 
conduction disorders after, 1436 
conduction system, identification of, 979 
coronary arteries, anomalous distribution of, 
782-787 
embolization, postoperative, 263-266, 926 
graft failures, 1436. See also Grafts 
in heart block, 934 
heat exchanger for hypothermia, 1436 
in hemophilia, 1069 
iliac vein ligation in heart failure, 863 
in ischemic heart disease, 145-146 
mitral 
annuiopiasty, changes after, 877 
commissurotomy. See Mitral valve 
in insufficiency, 969, 971 
prosthesis for, 946 
in stenosis, 901, 969, 1001, 1005 
open heart 
abnormal diuresis after, 904 
blood volume in, 879 
hemodilution perfusions for, 919 
in mitral valve disease, 953, 975, 1001 
in pericardial disease, 308, 1020, 1076 
pheochromocytoma excision, shock after, 995 
plastic sponge in arterial transplants, 936 
in popliteal aneurysms, 23-28 
in postinfarction myocardial aneurysms, 983 
postoperative mitral valvular disease, 952 
postoperative syndrome, 976, 994, 1070 
problems in deep hypothermia and prolonged 
cireulatory arrest, 928 
in pulmonary artery anomaly, 662-668 
pulmonary function after, 1010 
in pulmonary valvular stenosis, 1041 
in pulmonary venous drainage anomaly, 862 
in renal artery occlusive disease, 1203-1300 
revascularization. See Revascularization 
risk in cardiac patient, 1042 
sympathectomy. See Sympathectomy 
in tetralogy of Fallot, 893, 1342-1346 


[Spingomyelin—Surgery ] 
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[Surgery—Thyroid] 


thrombectomy in thrombophlebitis, 950 
in transposition of great vessels, 5-11, 51-56 
in truncus arteriosus, 878 
in ventricular septal defect 
in infancy, 34-40 
isolated, 1385-1386 
unsuccessful closure of, 250-262 
ventriculotomy 
influence of site, 988 
right, effects of, 572-576 
vertebral artery ligation, 897 
Suspended animation, and hibernation, 433 
Sweating test, after sympathectomy, 1215 
Sydenham, Thomas, 289, 787, 856 
Sympathectomy 
blood flow measurements after, 1057 
lumbar 
in popliteal aneurysm, 23-28 
skin and muscle temperatures after, 1215-1219 
thoracolumbar, circulatory reflexes after, 77, 79 


Sympathetic nervous system 
blockade, and cardiac output in 
hyperthyroidism, 916 
norepinephrine affecting, 697 
Sympathoadrenal response, in hemorrhagic 
shock, 1023 
Syncytium 
dissociation of, in vitro, 491 
and electron microscopy, 462 
functional, 462 


Syphilis, angina pectoris with, 143 
Systoles, ventricular 


premature, 973 
as venous pump, 966 


Systolic murmurs, late, 1033 


z 


T.Prop, and cholesterol biosynthesis, 1090 
Tabes dorsalis, circulatory reflexes in, 77 


Tachycardia 
nodal, with block, 12-21 
paroxysmal, acetylcholine in, 1269 
refractory, termination of, 1078 
ventricular 
functional, 873 
methoxamine in, 1077 
and phosphorylase, 488 
retrograde conduction in, 236-247 


Tamponade 
cardiac, 1037, 1274 
pericardial, 700, 943 


Tape-recorded heart sounds, 999 
Taurine, cardiovascular activity of, 696 
Telemetry, cardiopulmonary, 1032 


Television study of cardiac calcifications, 
1407-1408 


Temperature 
in arterial vascular disease, 908 
in hibernation, 434, 436-438, 441 
and hypothermia, 444 
and nerve conduction, 443 
hypothermia. See Hypothermia 
reactive hyperthermia in dye-dilution 
tests, 148 
after sympathectomy, 1215-1219 
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Tension 

and actin filament, 430 

in heart muscle, extracted, 484 

and heat maintenance, 431 

resting, and mechanical efficiency, 425 
Test, prothrombin time, 131-134 
Testicular fibrosis, and arteriosclerosis, 

1367-1370 


Tetralogy 

of Fallot. See Fallot tetralogy 

from ventricular septal defects, 955 
Tetramethylammonium chloride, and myosin 

ATPase, 394 

THAM, in heart failure, 897 
Thebesian drainage in left heart, 1000 
Theophylline, and contractile force of heart, 694 
Thermometer, invention of, 212, 548, 711 
Thiamine, in atherosclerosis, 1243 
Thiazides. See also Benzothiadiazine 

urie acid exeretion after, 1045 
Third heart sound in mitral disease, 1033 
Thrombectomy, in thrombophlebitis of leg, 950 
Thromboangiitis obliterans, prognosis of, 996 


Thrombocytopenia 
in eyanotic congenital heart disease, 1013 
heparin-induced, 1093 
and pericarditis, 932 


Thrombocytopenic purpura, after aspirin,-615 


Thromboelastogram 
after coumarin drugs, 893 
after fibrinolysin therapy, 960 
after heparin, 1206-1214 


Thromboembolism, 858-859 
pulmonary, hemodynamic alterations of, 1011 


Thrombolysis, heparin affecting, 1001 
Thrombophlebitis, of leg, thrombectomy in, 950 


Thromboplastin generation, plasma heparin 
affecting, 1091 


Thrombosis 
coronary artery 
differential diagnosis, 569 
fibrinolytic therapy, 973 
gangrene with, 147 
origin of, 1257 
premenopausal, and urinary 17-ketosteroids, 
902 
in diabetes, 1093 
diet in, 1100 
experimental production, 858 
fibrinolytic activity in venous segment, 859 
left atrial 
angiocardiography in, 963 
in rheumatic heart disease, 1062 
lipids in, source of, 902 
monamine oxidase inhibitor, antithrombotic 
effects of, 1040 
nialamide as antithrombotie drug, 1040 
of popliteal aneurysm, 23 
and pulmonary megakaryocytes, 1038 
quantitation of thrombus growth, 1078 
venous, fibrinolysin therapy, 859 
Thrombotést, Owren, 131 
Thyroid 
analogs afféeting serum triglycerides, 1084 
atheromatous lesions in hypothyroidism, 1096 
eardiae output\in hyperthyroidism, 916 
circulatory adaption in hyperthyroidism, 975 
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Thyroid (Cont’d) 
colloid goiter and atherosclerosis, 777-781 
electrocardiography in hypothyroid heart 
disease, 304 
exercise cardiac-output responses in diseases, 
1039 
fatty acids in hyperthyroidism, glucose 
affecting, 944 
a-methyl dopa in thyrotoxic patients, 1072 
Thyroxine analogues, in hypercholesteremia, 
58-66, 164-170 
d-Thyroxine, effects on serum lipids, 
927, 1046, 1059, 1103 
Toadfish, swim-bladder muscle structure in, 339 
Tobacco extracts, responses to skin testing 
of, 698 
Trabecula septomarginalis, 224 
Transaminase 
activity in perfused rat heart, 699 
serum glutamic oxalacetic, in heart failure, 140 
Transfusions, cardiovascular response to, 698 
Transplants. See Grafts 


Transposition of great vessels 
aortic coarctation and ventricular septal 
defeet with, 1364-1365 
eorrection of, 5-11, 51-56 
pathogenesis of, 1061 
Trappist monks, studies of, 857 
Triads 
atrial, 345 
of reticulum, 337 
Tricuspid valve 
atresia 
electrocardiography in, 1046 
right ventricular bypass in, 928 
insufficiency, and cardiac failure, 1042 
regurgitation, right atrial pressure pulse in, 
1026 
Triglycerides 
dietary 
lipogenic and cholesterogenic activities, 7100 
and serum cholesterol, 1094 
essential hypertriglyceridemia, 1091 
serum, thyroid analogs affecting, 1084 
Triiodothyronine 
effect on serum lipid levels, 1085 
in ischemic heart disease, 894 
Trimethapan 
in hypertension, 1073 
pressor response to, 790 


Triolein absorption, in heart failure, 140 


Triparanol 
effects on desmosterol, 889, 1086 
effects in pullets, 1107 
effects on serum lipids, 857, 927, 1082, 1085, 1086 
failure to inhibit hypercholesterolemia, 1082 
in peripheral vascular disease, 1023 
three-year study of, 984 


Tropomyosin 
and calcium influx, in contraction, 527 
and I-bands, 330 


Truncus arteriosus, 226, 229, 878 


Tuberculosis, pulmonary, pulmonary hypertension 
with, 308 


Tubular elements, of myocardium, 345 


Tumors 
malignant, of pericardium, 1056 


[Thyroid—Ventilation ] 


metastatic, atrioventricular block with, 
657-661 

Turtle, 343, 348 
Twins 

atherosclerosis in, 1097 

congenital heart disease in, 938 

serum cholesterol levels in, 993 
Tyramine, cardiac effects of, 958 


U 


U-0882, and sensitization to ventricular 
fibrillation, 694-695 
Ulcer, peptic, aspirin affecting, 615 
Ultrafiltration, extracorporeal, in edema, 878 
Ultrastructure, and ultramicroscopic structure, 326 
Ungulates, Purkinje fibers of, 493 
Uric acid 
excretion after thiazides, 1045 _ 
hyperuricemia in hypertension, 972 
Urinary tract anomaly, congenital with 
congenital cardiae malformations, 997 
Uroheparin, 125 


V 


Vagal stimulation, effects on ventricle, 925 
Vagotonia, in myocardial infarction, 769 
Valsalva maneuver 

in atrial septal defect, 1009 

in orthostatic hypotension, 77, 80 
Valsalva sinus aneurysm, 1403-1406 


Valvular conditions. See also specific valves 
insufficiency from arrhythmias and stress, 936 
left ventricular pressure-volume loops in 

disease, 920 


Vascular conditions. See Blood vessels 


Vectorcardiography 
in atrial septal defect, 1035 
in bundle-branch block, 888 
after exercise in angina pectoris, 1044 
in hypertensive disease, 1260 
in myocardial infarction, 992 
Frank system, 825-849 
Grishman cube system, 808-823 
left bundle-branch block with, 1260 
in pectus excavatum, 1147 
in peri-infaretion block, 991 
pitfalls in, 846-849 
in tetralogy of Fallot, 94-108 
three systems for, 307 
in ventricular septal defect, 148 
Veins 
intraluminal-implantation anastomosis, 1021 
obstruction from negative pressure breathing, 
1010 
small, in hypertension, 899 
ventricular systole as venous pump, 966 


Vena cava 
anomalous drainage into atrium, 669-676 
inferior, connection to left atrium, 996 
porto-spleno-inferocaval external jugular 

venous reflex, 1270 

Ventilation 
body position affecting, 1053 
breath-holding test for hyperventilation, 974 
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Ventricle(s) 
angiotensin affecting function, 1326-1336 
arrhythmias, lidocaine in, 1270 
asystole in heart block, 1031 
bigeminy, 14, 1185 
and eardiae lymph flow activity, 998 
in children, normal, 1267 
concealed automaticity after ouabain, 1061 
eonduction, local anestheties affecting, 1011 
coronary artery communication with, 171-177 
erista supraventricularis, 223 
ectopic beats, 1053 
ejection dynamics, age and sex factors, 1068 
electron microscopy of muscle fibers, 954 
embryonic, pacemaker function in, 492 
fibrillation 
after coronary artery occlusion, 1259 
sensitization to, 694-695 
flow relationships, indicator studies of, 1028 
hypertrophy 
anomalous venous drainage with, 669 
aortie coarctation with, 756-757 
biventricular, and increased shunt tolerance, 
930 
eardiae apex impulse palpation in, 960 
cor pulmonale with, 308 
electrocardiography in, 305 
at high altitudes, 961 
mitochondria in, 311 
septal, differential diagnosis of, 1071 
left 
activation of epicardial surface, 1034 
aneurysm, in Africans, 313 
angiocardiography in mitral stenosis, 1431 
after cardiac arrest, 1274 
coronary artery catheterization affecting, 1032 
decompensation, pulmonary vessels in, 
185-189 
failure, and anaerobie myocardial 
metabolism, 1039 
false paradoxie movement of, 989 
fraction of end-diastolic volume ejected 
per beat, 934 
in giant left atrium, 882 
isometric contraction time, 942 
and left atrial pressure, 633-641 
muscular obstruction to outflow, 1126-1135 
myopathy with septal defects, 889 
pressure and volume in, 267-269, 920, 1030 
puncture with angiocardiography, 204-211 
reduction in impedance affecting, 1072 
muscle bundles of, 224 
nerve terminations in muscle, 1267 
overload, effects of, 1030 
potassium-depolarized, contraction by electric 
eurrent, 1048 
pressure pulse, first derivative of, 941 
right 
bypass in tricuspid atresia, 928 
elastic properties in hypertension, 1017 
hypoplasia, isolated, 1388-1401 
origin of great vessels from, 927 
outflow tract of, 223-235, 964 
pressure studies, 306 
prosthesis for outflow tract, 964 
hypertrophy, right bundle branch block 
with, 1264 
two-chambered, 1058 
septal defects, 228-232 
acyanotic tetralogy from, 955 
in adults, 946 
aneurysm of membranous portion, 313 
aortic coarctation with, 1356-1366 
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atrial septal defect with, 861 
cineangiography in, 905 
electrophysiologie variations in, 148 
hemodynamic studies, 860 
isolated, natural history of, 1372-1386 
and left-to-right shunt, 944 
left ventricular myopathy with, 889 
left ventriculography in, 1000 
natural course of, 968 
phonocardiography in, 861, 968 
pulmonary blood flow in, 623 
and pulmonary hypertension, 890 
and pulmonary vascular obstruction in 
children, 1067 
spontaneous closure of, 874, 890 
surgery in, in infaney, 34-40 
unsuecessful closure of, 250-262 
single, pathologie anatomy of, 1061 
standstill, in rheumatoid arthritis, 1038 
systole as venous pump, 966 
tachyeardia. See Tachveardia, ventricular 
trabecula septomarginalis, 224 
vagal stimulation and acetylcholine affecting, 
925 
volumes of both ventricles, 1018 
weakening of contraction in ischemia, 968 
Ventricular gradient 
spatial, 910 
in tetralogy of Fallot, 94-108 
theory of, 1261 
Ventriculo-atrial conduction, 236-247 
Ventriculography, left 
retrograde, 97. 
in ventricular septal defects, 1000 
Ventriculotomy 
left 
and activation of ventricular epicardial 
surface, 1034 
in aortie stenosis, diffuse subvalvular, 
739-742 
right, effects of, 572-576 
site of, influence of, 988 
Vertebral artery ligation, 897 
Vesicles 
of capillary endothelial cells, 370, 372, 376 
of common bundle cells, 351 
and pinocytosis, 386 


Viscosity of blood, 1098 
in peripheral cireulation, 1069 


Vitamin A, in atherosclerosis, 1242 

Vitamin B,, in atherosclerosis, 1243 

Vitamin B., in atherosclerosis, 1244 

Vitamin C, in atherosclerosis, 1241 

Vitamin D., in atherosclerosis, 1242 

Vitamin K, toxicity of, 696 

Vitamin K,, and anticoagulants, 128, 129, 130, 136 


Vitamins 
and atherosclerosis, 1239-1246 
and eardiae infarction, 286 


2 


Ww 


Warfarin therapy, 128 
in peripheral vascular disease, 1023 
Water 
heavy, ATPase and ITPase, 396 
intoxication, hyponatremia with, 191-202 
movement across skin and bladder in heart 
disease, 1003 
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Water (Cont’d) 
properties of, 598 
retention in severe heart disease, 750 
Wenckebach phenomenon, nodal tachycardia 
with, 15 
Whiskey, and oral fat-tolerance curves, 1054 
Wolff-Parkinson-White syndrome 


atrioventricular communications in, 41-49 
of long duration, 1264 


Women 
coronary heart disease in, 1173-1184 
myocardial infarction in, 142 
Woodchuck, entering hibernation, 436 
Woodworth law, 461 
Work by heart muscle, extracted, 484 


INDEX [Water—Zymosan] 


Workmen’s Compensation and heart disease, 
274-280 


Y 


Yoga practitioners, “voluntary” cardiae control 
by, 1319-1325 


Z 
Z-band 
of cells, specific-tissue, 352 
and sarcolemma of bat, 344 
and sareomere contraction, 338 


Z-line, 328, 401 
Zymosan, reticuloendothelial cells after, 1088 
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